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SUMMARY 
Lards and other fats and oils have been compared for frying 
doughnuts, and in a few instances potato chips, under household 
conditions. The chemical and physical constants of the fats were 
determined before and after their use. The time of use was 10 
hours and 14 minutes, which included the period for heating the 
fat and the time during which the food was cooking, and if neces-
sary, heating for a few minutes after frying of the last food to 
hring the total heating period to 614 minutes. 
I. The doughnuts 
A. Fat absorption 
1. Dough temperature: if it were near 24°C. the 
doughnuts absorbed more fat and did not expand 
as much before cooking as when the dough tem-
perature was near 26°C. . 
2. The longer the dough was handled and reroIled 
the less the fat absorbed during frying, i.e., 
"firsts" (the 24 doughnuts cut from the first 
rolling of each mix) always absorbed more fat 
than" reroIls" (the 12 doughnuts obtained from 
scraps of dough after first rolling), and "re-
rolls" in turn always absorbed more fat than the 
"re-reroIls" (the last six doughnuts from scraps 
left from "rerolls"). The percentages of fat 
absorbed were as follows: 
Part 
III 
IV 
" Firsts" 
27.5 
28.6 
, 'Rerolls' , 
21.4 
22.3 
, , Re-rerolls ' , 
18.0 
18.5 
3. There were no significant differences in fat ab-
sorption for doughnuts cooked at three tempera-
tures, 170°, 185° and 200°C., the cooking time 
being the same at all three temperatures. 
4. Of the "firsts" the first lot of six rolled and cut 
from a ' given mix absorbed more fat than the 
second lot, and in turn the second lot absorbed 
more fat than the third lot of six doughnuts. The 
doughnuts were cooked in the order of cutting 
and rolling. 
5. A significant negative correlation was found be-
tween the smoking point of the fat and fat ab-
sorption by all doughnuts, greater fat absorp-
tion occurring in the doughnuts cooked in fats 
with the lower smoking points. 
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B. Palatability 
1. In general, the first doughnuts cooked in a fat 
were more palatable than those cooked after the 
fat had been used for some time, although there 
were exceptions. 'l'hese exceptions were for lards 
with a strong initial odor; the volatilization of 
part or all of this odor after heating for a period 
of time may have been the cause for obtaining 
higher scoring doughnuts with these lards after 
the fat had been used about 8 hours. 
2. In general, the lards did not produce as higb 
scoring doughnuts as the hydrogenated fats and 
the corn oils. 
3. Of the three cooking temperatures, 170°, 185 ° 
and 200°C., the lowest temperature produced the 
most palatable doughnuts, particularly after the 
fat had been used for some time. At 200°C. the 
doughnuts were quite undesirable. 
II. The fats 
A. Comparative changes after cooking doughnuts and 
potato chips. 
1. The iodine number for a given fat was lowered 
to a greater extent after frying potato chips than 
after frying doughnuts. 
2. The free fatty acid content, with one exception, 
was higher after frying potato chips than after 
frying doughnuts. 
3. The smoking point was lowered to a greater ex-
tent after frying doughnuts than after frying 
potato chips. If a fat smoked during its use, it. 
smoked in a shorter time and more profusely 
·when doughnuts were fried than when potato 
chips were cooked in it. 
4. The fats in which doughnuts had been cooked 
were more discolored than those in which potato 
chips had been cooked. 
B. Chemical and physical changes during use. 
1. Gum formed at the edge of the container and the 
fat line, the quantity being greater with the oils 
than with the fats. 
2. All fats darkened in color with use , the extent, in 
general, being greater with the fats that smoked 
early in the cooking procedure. Darkening was 
also greater at 200° than at 185° and in turn 
greater at 185° than at 170°C. 
3. The initial odor of some lards was disagreeable 
and objectionable. Usually the initial odor of 
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the lards became milder as heating continued, 
until a point was reached at which the odor of 
breaking down or burning fat became evident. 
The higher the temperature at which the fat was 
used, the quicker and greater the breakdown of 
the fat and the more rapidly a burned odor de-
veloped. 
4. The iodine value was lowered, the lowering oc-
curring to a greater extent as the temperature 
at which the fat was used was elevated. 
5. The smoke point. 
a. The smoke point was lowered during use and, 
in general, to a greater extent as the tempera-
ture of frying was increased. 
b. In general, the lard smoked during use more 
rapidly if the initial free fatty acid content 
was comparatively high. Some lards smoked 
more profusely than others, even when the 
initial smoke point and the free fatty acid 
content were the same. In general, the drip-
rendered lards smoked less and later during 
use than the prime steam or the open-kettle-
rendered lards. 
c. The higher the temperature at which the fat 
was used, the more profusely and the more 
rapidly it tended to smoke and the greater the 
lowering of the smoke point. 
6. The free fatty acid content of all fats increased 
during use, this increase being greater at the 
higher temperatures. 
7. A highly significant negative correlation was 
found between the smoking point and the free 
fatty acid content of a fat. 
8. The· refractive index increased during the period 
the fat was used .. 
9. A highly significant correlation was found be-
tween the iodine value and the refractive index. 
10. The peroxide content increased as the fat was 
used, the increase being more rapid at higher 
temperatures. 
III. Recommendations, based on the finding of these studies, 
are given for the improvement of lard. 
The Physical and Chemical 
Charaderistids of Lards and Other 
Fats In Relation to Their 
Culinary Value 
III. For Frying Purposes! 
By 
BELLE LOWE, P. :r.L~BEL NELSON AND J. H. BUCHANAN' 
The main purpose of this study was to compare the frying life 
of lards and other fats when used under household conditions. 
Doughnuts and potato chips were cooked in the fats. Certain 
chemical and physical constants of the fats were determined be-
fore and after cooking to find the extent of change during their 
use. In addition, the amount of fat absorbed by the doughnutfj 
was recorded and an effort made to determine whether the de-
gree of absorption was correlated with the chemical and physical 
characteristics of these fats, and if so, with which of these char-
acteristics. 
In another unit of the study doughnuts were cooked at three 
temperatures, and the extent of the chemical and physical changes 
in the fats, due to the temperatures employed, was determined. 
The doughnuts cooked at these three temperatures were also 
scored for palatability. 
The work with potato chips constituted a minor portion of this 
study; most of the work with potatoes dealt with the time r e-
quired for the sugar content to become small enough, after dif-
ferent low temperature storage conditions, to obtain satisfactory 
chips. The work with potatoes was initiated in the fall of 1932 
and completed during the spring of 1933. The first unit of the 
project with doughnuts was started during the fall of ] 932 and 
continued until the spring of 1933. Other parts of the study 
were carried out from December, 1933, to March, 1934 ; January 
to April, 1935; and October, 1935, to March, 1936, inclusive. 
1 Project 325 of the Iowa Agricultural E.."{perirnent Station. This project was coopera~ 
tive between the Foods and Nutrition Subsection of the Home Economics Section and 
t:,e Chemistry Section. 
Acknow ledgement is hereby made to Prof. Fred J . Beard and others of the Animal 
Husbandry Section who rendered and furnished t he composite lards used in the culinary 
teots. 
, Prepared with the assistance of Marjorie Cochran J ensen of the Foods and Nutrition 
Subsection and W. Bosch, D. Starr, E. W . Eickelberg and B. Demorlltsky of the 
Chemistry Section. 
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One person did the laboratory work on doughnuts. Thus, dif-
ferences due to variation in technic of different operators were 
eliminated. The technic in handling the dough became highly 
sl1ecialized, and although no two batches of dough were exactly 
duplicates, constant working with one type of dough tends to 
minimize these differences in mixes. 
REVIE"r OF LITERATURE 
Masters and Smith (10) used cottonseed oil and butter in 
pastry. They found the changes occurring in the fat of the 
pastry during cooking were slight, unlpss the p~strv was rolled 
yery thin or considerably oyerbaked. Greater ch::n\ges were ob-
tained in the ()il and fat heated in a container in the oven (tem-
perature 200°C.) for 30 minutes during the time the pastry was 
baking. However, they point out that this fat reached oven 
teml1erature whereas that in the pastry only reached 100°C. or 
a slightly higher temperature. 
Blunt and Feeney (2) found that increase in any or all of the 
following factors caused a corresponding lowering of the smok-
ing point: 1. The percentage of free fatty acids. 2. the surface 
area of the fat exposed and 3. the l1resence of foreign particles. 
To show the relation between the smoking point and the free 
fatty acid content of the fat, Blunt and Feeney neutralized the 
free fatty acids in a sample of olive oil and found the smoking 
temperature in an evaporating dish to be 234°C. Another sample 
of olive oil was hydrolized and the free fatty acids extracted. 
vVhen these free fatty acids were added to the neutral olive oil 
the smoking Doint of the olive oil was lowered, the extent of low-
ering being dirC'ctly proportional to the amount of free fatty acids 
added. Blunt and Feeney also found that the surface exposed 
made a tremendous difference in the smoking temperature. For 
example, the Crisco in an evaporating dish, diameter of fat sur-
face 3.25 inches, had a smoking temperature of 231°C. But, in 
a sauce pan, diameter of fat surface 7 inches, the smoking point 
was 220°, and in an iron kettle with diameter of fat surface 10.25 
inches, it smoked at 206°C. 
Morgan and Cozens (13 ) used a standard doughnut dough to 
determine the changes occurring in fats during the frying of 
doughnuts (usually six). They used lard, olive oil and two 
hydrogenated cottonseed oil products. They fried the doughnuts 
at 205° and 210°C. Th!'y found that heating the fat alone for 
the same period as that used for cooking the doughnuts did not 
bring about as great changes in the fat as were brought about 
when heating the fat with food in it. They found the fats used 
in frying the standard dough showed consistent decreases in 
iodine number and lowering of the melting point and increases in 
acidity and refractive index, 
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l\lthough their experiments were not extensive, Morgan and 
Cozens noted that the refrar.tive indexes and amount of fat ab-
sorbed by doughnuts were parallel, the fats absorbed in larger 
amount showing hig-her refractive indexes and also larger in-
creases in these numbers. In addition they noted some relation 
between the quantity of fat absorbed by doughnuts and the acid-
ity of the fats, those fats having the greatest amount of free fatty 
acids being absorbed to the greatest extent. 
McKee (12) found that if egg and flour, in the basic dough-
nut recipe used. were both increased that fat absorption was de-
creased. On the other hand, increasing either the fat or sugar 
caused increased fat absorption. 
Denton, vVengel and Pritchett (3) from their work with dough-
nuts found greater fat absorption occurs with a larger volume 
attained by the dough during frying; with a softer dough; with 
a higher fat content in the recipe; with higher sugar concentra-
tion in the recipe; with use of a less" strong" flour; with in-
crease of surface area of the dough in relation to its mass, which 
illeludes roughening of the surface and cracking; and, lessening 
the manipulation during mixing, rolling and cutting. They 
found greater fat absorption at 150° than at 200"C. These are 
extreme temperatures and would not be used for frying but were 
chosen for experimental purposes. 
They found that at temperatures of 170° to 190°C., little if any 
difference occurred in the amount of fat absorbed by doughnuts, 
the effect of change in temperature for frying acting to change 
thE: fryi.ng time or manipulation during frying rather than the 
amount of fat absorbed. 
Woodruff and Blunt (17) used potato chips and a flour, salt, 
baking powder, distilled-water dough to determine the changes 
brought about in fat absorbed by food fried in fat and the 
changes in the fat in which the food was cooked. From three to 
five potato slices, 1 to 1.5 mm. in thickness and dried on each side 
on a cloth, were fried at one time, as more than this lowered the 
temperature of the fat too much. Bulk lard and cottonseed oil 
were used for the frying tests, and the chips were cooked at 170°, 
1DO° and 210°C. The same fat was used for all three temperatures 
:.md drained free of sediment between heatings. Instead of fry-
ing for the same length of time, the chips were fried to the same 
stage of brownness, from 20 to 90 seconds being required. The 
lard did not smoke at 170° but did smoke at 190° and 210°C., and 
rat.her profusely at the latter temperature. The cottonseed oil 
did not smoke at any of the three temperatures. 
"Woodruff and Blunt state in their conclusions that "long cook-
ing increased the decomposition even more than high te;Upera-
1 ure, particularly in the lard. For example, the lard extracted 
from fried doughs showed more decomposition after 170° for 6 
886 
minutes than after 210°C. for only 2 minutes. Decomposition 
was very mal'ked after 210°C. for 6 minutes." However, a study 
of their data does not seem to support their conclusion that time 
is a more important factor than temperature in bringing about 
changes in the fat. 
'With the one exception of potato chips fried at 170° C. for 90 
seconds, the figures indicate that the higher the temperature the 
greater the changes in the absorbed fats, provided the cooking 
time was the same. 
Porter, Michaelis and Shay (14) tested an animal fat, a vege-
table oil and three hydrogenated vegetable oils under laboratory 
and under bake shop conditions. They found that heating fat in 
an oven (so there was no localized heating in maintaining a con-
stant temperature at 176.5° and 232°C.) increased the acidity 
only slightly, though there was a noticeable increase in viscosity, 
a darkening in color and a gummy formation at the ring of con-
tact of the exposed fat surface with the container. However, 
when the heat for the fat was localized by using an electric im-
mersion heater unit and sheath temperatures of 190.5°, 232° and 
357°C., all regulated to maintain a fat temperature of 176.5°C .. 
little free fatty acids were formed, although the tendency was 
for an increase in acids with increase in sheath temperature. 
The same was true for viscosity, the vegetable oil in particular 
becoming very viscous with the higher sheath temperature. 
However, when the fat was kept at a constant temperature of 
176.5°0. with water evaporating from it continually (the water 
introduced hy gravity feed beneath the surface of the fat), the 
free fatty acids formed quite rapidly. When the free fatty-acid 
content reached 1.44 percent, the fat started to foam with releasE' 
vf volatile products, which caused smarting of the eyes. 
After frying 1,800 dozen doughnuts under bakery conditions 
in lard (amount of fat 100 kg., temperature 176.5° and 199°C., 
rate of frying 100 dozen doughnuts per day) the free fatty acids 
(as oleic ) reached 4.4 percent, at which point the fat was smok-
ing and foaming with objectionable flavor in the doughnuts. 
After frying 2,500 dozen doughnuts the fat was smoking badly 
and also foaming, the doughnuts having a very poor flavor. 
From the data obtained, Porter et aZ., concluded that little 
breaking down of the fat occurred when heated alone under test 
conditions. There was slight increase in acidity, a noticeable in-
crease in viscosity and gum formation, the last presumably due to 
polymerization. But," the breaking down of a fat involving the 
formation of acid is a direct result of a reaction with water at 
elevated temperatures." Until the free fatty acid content reach-
ed 0.75 percent, the rate of acid formation was comparatively 
slow, but above that the rate increased, probably because the acid 
acted as a catalyst. They decided that the" percent of free acid 
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present in a used fat is a fairly reliable measure of the extent of 
its breaking down and of its objectionable quality of imparting a 
poor flavor to food fried therein." An objectionable flavor could 
be detected with a free fatty acid content of 2 percent or above 
and was distinctly objectionable when the content reached 4.4 
percent. 
King et aZ., (5) found that the amount of fat absorbed by 
potato chips was about the same for all fats used, namely, three 
kettle-rendered lards made of fat from animals fed largely on 
peanut, corn and brewer's rice: a prime steam-rendered lard, a 
hydrogenated lard, a hydrogenated cottonseed oil; and three re-
fined oils-corn, cottonseed and peanut. The fitness of the fats, 
particularly the lards on account of the high peroxide number, 
for further use after 10 fryings was questionable. The amount 
of free fatty acids in the fat extracted from the chips was greater 
than in the frying fat. No relation was found between chemical 
changes and the flavor of the chips. 
Lantz and Carlin (7) state that some of the severest uses to 
which edible fat is put are in the frying of doughnuts, nuts, 
potato chips, and in the new type of frying equipment used by 
restaurants for deep fat frying of chicken, oysters, French fried 
potatoes and clams. For this frying the fat is held at a tem-
perature of 176.7-204.4 °C., sometimes for a long period of time. 
The tests of Lantz and Carlin were made on a commercial scale. 
:F'ive fats were used; three "all hydrogenated," and two were 
blended or compound shortenings containing about 80 percent of 
refined, bleached and decolorized cottonseed oil. The initial free 
fatty acid (as oleic) content of the fats varied from 0.02 to 0.05 
percent. From 3,800 to 4,000 pounds of each fat were used. The 
ingredients and conditions for mixing the doughnuts were stand-
ardized as much as possible. Two automatic doughnut machines, 
each with a capacity of about 175 dozen doughnuts per hour were 
used. The temperature of the fat during frying was held between 
193.3° and 198.8°C., the average temperature being 197.5°. 
Fresh fat was added to each machine hourly to replenish that 
absorbed by the doughnuts, this amount averaging about 300 
pounds per machine for a 14-hour run. Samples of fat were 
tsken daily for analyses at the middle and at the end of the run. 
The blended shortenings showed a slightly greater tendency for 
gum formation than the" all-hydrogenated" ones. 
All fats showed a steady darkening in color for the first 50 
hours of frying. The blended fats darkened in about the same 
ratio as the other3 for about 55 hours, then held up better than 
the" all-hydrogenated" shortenings. 
The increase in free fatty acids was steady and rapid for the 
first 50 hours until a point of equilibrium was reached where the 
addition of fresh fat counterbalanced the rate of free acid forma-
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tion. This point varied for the five fats, both in time of reaching 
equilibrium and the amount of free fatty acid formed. Fat 
number 1, a blended fat, reached equilibrium in about 60 hours 
with a fatty acid content of about 0.70 percent, whereas fat num-
ber 4, an "all-hydrogenated" one, reached equilibrium in about 
80 hours with a 1.35 percent acid content. 
Lantz and Carlin state that as the free fatty acid content was 
increased the smoke point was lowered accordingly. The smoke 
poin t showed a "terrific" drop during the first few hours of 
heating, and then a gradual straightening out of the curve oc-
curred as the free fatty acid content reached equilibrium. It was 
practically the same for all fats up to and including 0.07 percent 
of free fatty acid; but with increase of acids be~Tond this amount, 
they noted that the slower the rate of increase of acids, the slower 
the drop in smoke point and the higher the point at which equili-
brium was reached. 
The smoke point of all five fats dropped to the frying tempera-
ture of the fat, 196°C., in 10 hours frying time or less. Lanz and 
Carlin add that t.he operators and manufacturers of deep-fat fry-
ing machines know that this will occur, and hence the larger ma-
('hines are completely enclosed and have out.lets with fans to draw 
eff the smoke and fumes, otherwise it would be almost impossible 
for the operators to work in t.he acrid atmosphere. 
All of the fats showed wide variation in their absorption by the 
doughnuts for the first 4 days of their use, but after an equi-
librium was reached between addition of fresh fat and the break-
down of t.he fat, t.he rate of absorption became quite constant for 
£oach fat. 
Lantz and Carlin conclude: "Since the free fatty acid con-
tent, color and smoke point of fats and oils have been shown to 
change rapidly when used for deep fat frying, perhaps this papel' 
should have been entitled 'Unstabilit.y of fats used for deep fat 
frying'." 
Thiessen (16 ) used lard, corn oil, cott.onseed oil and a hydro-
genated fat to compare their frying life when used under house-
hold conditions. A partial chemical analysis of each fat was 
made when fresh and after using 6, 12 and 18 hours. The 
palatability and appearance of doughnuts cooked in the fresh 
and re-used fat.s were compared. Two grades (I and II ) of 
smooth leaf and one grainy leaf lard were used. 
Free fatty acids developed in all fats with re-use, but the in-
crease with 12 hours' frying was not sufficient to produce dis-
agreeable flavors in the doughnuts. The iodine number of all fat.s 
decreased upon re-use, being greatest in t.he grainy lard. Under 
the same frying conditions, doughnuts absorbed approximately 
the same amount of each of the different fats. The smoking point 
was lowered considerably in the re-used fats. 
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Thiessen concluded that a long frying life of a fat is desirable 
from an economical standpoint and that it can be prolonged with 
proper storage and care. Storing in a cool place and keeping 
the container tightly covered are important in preventing rancid-
ity in both fresh and re-used lard. The discoloration of lard and 
of hydrogenated fat apparently had little effect upon the flavor 
of foods cooked therein. In the case of doughnuts the distinctive 
lard flavor was less pronounced in doughnuts after the fat had · 
been re-used several times. 
The doughnuts browned more rapidly at an altitude of 7,200 
feet than at sea level so that a lowering of the frying temperature 
from that used at sea level was necessary. Thiessen states that 
from 176.6 to 204.4°0. are used at sea level but that the higher 
t rmperatur-e is not satisfactory at 7,200 feet. 
THE INVESTIGATIONS 
POT ATO CHIPS 
PRELIJ\UN ARY WORK 
Various methods of preparation and different temperatures for 
frying were tried. The potato slices were soaked in plain water 
and in varying concentrations of salt water prior to frying. Soak-
ing in salt water dehydrated the slices of potatoes so that they 
hecame limp. For this reason they cooked in a shorter time than 
those soaked in plain water. They also browned well, were crisp 
;md had a. pleasant salt flavor. 
'rests were conducted with varying initial temperatures of the 
Jat, the potatoes being added at 150°, 175°, 190°, 205° and 215°0. 
Those fried at the two lowest temperatures required a long cook-
ing time. The two highest temperatures did not give as great 
fat absorption as the lower temperatures, but they cooked rapidly, 
c.ften browning on the outside before the interior of the slice;1 
was done. In addition heating to 205° and 215°C. caused rapid 
breakdown of the fats. The chips cooked with an initial fat tem-
perature of 190°0. were of good flavor, color and texture. They 
were not particularly greasy and kept well in storage. 
The time of cooking at 190°0. was affected by the quantity of 
potatoes added, being 3 minutes for %-pmmd lots and 2 minutes 
for %-pound lots. At whatever temperature used it was noted 
1hat the chips were done when the bubbling of the fat ceased. 
This indicated that the desired amount of water had been given 
off from the potatoes to produce a crisp texture. 
THE STANDARD PROCEDURE 
The potatoes were pared and cut crosswise. Several types of 
f->licers were tried before one was found that would cut the slices 
a fairly uniform thickness, which was necessary for them to cook 
evenly. 
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The potatoes were cut about 1/ 16 of an inch in thickness. 
About % pound (112 grams) of slices were soaked in 120 cc. of 
water containing 8 grams of salt for 30 minutes. The slices were 
then dried and put into a wire basket. The initial temperature 
of the fat when the chips were immersed was 190°0. The tem-
perature of the fat dropped after the addition of the chips (the 
basket had been heated with the fat). This drop in temperature 
varied from 21° to 36°0., but in general (195 out of 260 times) 
was from 25° to 31 °0. By the end of the cooking period the tem-
perature rose until it was usually from 17° to 24°0. below the 
initial temperature of the fat when the potatoes were added. 
'l'hus the temperature of the fat during the actual cooking of the 
('hips was from 154° to 173°0. 
Each fat was heated for 614 minutes (this included the heat-
ing and cooking time). If necessary the fat was heated a few 
minutes after frying the last lot of potatoes. In all, 40 lots (% 
pound) of potatoes were cooked in each fat. 
DOUGHNUTS 
THE FORMULA 
The same formula was used throughout the different units of 
the study, no attempt being made to determine whether varia-
tion in proportion of ingredients would produce a more palatable 
doughnut. 
Ingredients Weight Measure 
Sug-ar, extra· fine granulated 200 g'l'ams 1 eup 
Fat (butter) 25 grams 2 tablespoons 
Eggs 96 grams 2 
Flam, all·purpose 560 grams 5 cups 
Milk 244 grams 1 cup 
Baking powder, ( tartrate) 2] gram~ 2 tablespoons 
Salt 4 grams about 1 teaspoon 
Nutmeg lis teaspoou 
Cinnamon lis teaspoon 
The flour, a hard-wheat, all-purpose one, was obtained in large 
enough f[uantity (the different sacks blended together ) to last 
throughout the unit of study for a year. The baking powder was 
a tartrate, the same as that used in the cake part of the project 
(9) . The eggs, sufficient for the needs of one day, were beaten 
together and then portions weighed for each mix. The butter 
and milk were obtained daily from the Dairy Industry Depart-
ment through the Foods and Nutrition storeroom. 
INCUBATION OF INGREDIENTS 
All ingredients, except the milk, were incubated overnight in 
a constant temperature incubator, 24° to 26°0. The milk was ob-
tained from the storeroom in a quart bottle. I t was placed in a 
pitcher of warm water and stirred with a thermometer until the 
temperature reached 24°0. It was then weighed. 
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MIXING 
The ingredients for part I were mixed by hand. For the other 
nnits of the study. the sugar, salt and butter were creamed to-
gether for 1 minute with the beater of a Kitchen Aid on second 
(medium) speed. The beaten egg was added, and mixing was 
continued for 3 minutes. Next, approximately % of the mllk and 
% of the flour (the baking powder, cinnamon and nutmeg had 
been previously sifted with the flour) were added and mixed for 
1 minute on first (slow) speed. The remainder of the milk and 
flour were added. After mixing 20 seconds, the machine was 
stopped and the dough scraped down from the sides of the mix-
ing bowl. lVIixing was continued for 15 seconds and the dough 
was again scraped down, and mixing continued for 10 seconds. 
The temperature of the dough was determined immediately 
after mixing. If the dough temperature was different from that 
(If the room, it eventually came to room temperature during the 
l'oUing process. 
ROLLING 
Enough dough for three doughnuts was taken from the mix 
and dipped lightly in flour that had been reserved from the total 
amount for rolling. It was then shaped into a long, narrow strip 
and rolled on a board between cleats. These cleats were % inch 
in height. The diameter of the cutter was 2% inches with the 
center hole 1 inch. Six doughnuts were placed on a floured and 
weighed paper towel. They were then weighed on this towel 
hoth before and after cooking. From the first rolling of each 
mix 24 doughnuts were obtained. These were designated as 
, 'firsts" in the tables and as Rl in the statistical analyses. The 
scraps left from cutting these doughnuts were utilized hy re-
rolling to obtain 12 doughnuts from each mix. They were 
designated as " rerolls" in tables and as R~ for analyses. The 
f'craps left from cutting the" rero11s" were again utilized, six 
doughnuts being obtained. They were called "re-rero11s" and 
R3 • \Vith additional handling and rolling the dough became 
more compact and dense. 
FRYING 
The kettles for deep fat frying were iron, 9% inches in 
diameter, with rounded bottoms. For each test, 2,445 grams of 
fat were plaeed in the kettle. The fat was heated to 18RoC., 
unless otherwise stated. The temperature dropped 2° to 4° C. 
when the six doughnuts were put into the fat. The heat was 
then regulated to maintain the temperature at 185°C. during the 
remainder of the frying period. For part IV, doughnuts were 
fried at 170°, 185° and 200°C. The amount of fat in the kettle 
gradually became smaller as frying was continued, but because 
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of the nature of the experiment no fresh fat was added, as IS 
often the practice in ordinary frying of doughnuts. 
Six doughnuts always were fried at one time. The first 
doughnut was put into the fat and the stop watch started simul-
taneously. The doughnuts were added at intervals of 15 second~ 
and kept in order around the edge of the kettle. At the enrl 
of 90 seconds the first doughnut put into the fat was turned, 
the others being turned at intervals of 15 seconds in the same 
orrler as they were addcd to the fat. At the end of 180 seconds 
the first doughnut was removed from the fat, the others being 
removed at intervals of 15 seconds. Thus each doug"Q.nut was 
fried 11}, minutes on each side, or a total of 3 minutes. The 
frying of the six doughnuts was completed in 4lj?, minutes. 
TIME FAT WAS HEATED 
The total heating time, which was in discontinuous periods and 
included the time required to bring the fat to the desired cooking 
temperature and the actual cooking period, was 10 hours and 14 
minutes, approximately 10V! hours. After cooking the last 
doughnuts, the heating of the fat was continued until the fat 
had been heated the required period of time. For the tests the 
first year 20 dozen doughnuts were fried in flach fat; for the 
second and third years 20% dozen doughnuts were fried; and 
for the fourt.h year, 21 dozen were cooked in each fat. 
ANALYSES FOR CHEMICAL AND PHYSICAL CONSTANTS 
Samples of each fat were sent to the Food Chemistry Section 
for analysis just before and after frying a lot of doughnuts. For 
parts I and II the iodine number, smoking point, melting point 
and free fatty acids (as oleic) were determined. In addition 
10 these constants the refractive index was determined for parts 
III and IV. 
FAT AIDSORP'l'ION 
The fat absorbed by the doughnuts was determined by weigh-
ing the kettle of fat before and after cooking. The weight of 
fat absorbed is accurate, but the percentage of fat as reported 
herein is only approximate, for doughnuts both lose water and 
llbsor'b fat during cooking. Hence, to report the percentage of 
fat based on the weight of the doughnuts, for an accurate deter-
mination, would have involved the extraction of the fat from 
the doughnuts. However, it has been customary in the litera-
ture to report both the fat extracted from doughnuts and that 
determined by weight of fat absorbed in percentages. Thus 
the percentage of fat absorbed herein reported (which is deter-
mined on the cooked weight of the doughnuts ) can be compared 
with similar published data. 
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THE FATS USED 
First year. part I 
Prime steam-rendered lard 3 
Nine composite lards, open-kettle-rendered by Animal Husbandl'y 
Department of Iowa State College 
COl'll oil, sample I' 
COl'll oil, sample II' 
A hydrogenated lard 6 
A hydrogenated cottonseed oil 1 
The composite lards were rendered from fat from carcasses of animals 
fed different diets, so that the lard varied in softness, For a fuller de-
scription of these composite lards see Research Bulletin 242 (8), pages 
1 to 13, 
Second year, part II 
Open-kettle-rendered lard 8 
Prime steam-rendered lard' 
Twelve samples of composite lards, open-kettle-rendered by the 
Animal Husbandry Section 
COl'll oil, sample I' 
COTn oil, sample II ' 
A hydl'ogenated lard 6 
A hydrogenated cottonseed oil' 
Third year, part III 
A hydrogenated lard 6 
A hydrogenated cottonseed oil 1 
COl'll oil 
Open-kettle-rendered lards 
Commercial II 8 
Animal Husbandry 
Prime steam-rendered lards 
Prime steam I· 
'Prime steam (Green lot I) • 
Prime steam (Green lot II) • 
Prime steam (Green lot III) 3 
Prime steam lot III S 
Drip-rendered lards 
Lot III ,. 
Lot I ,. 
Fourth year, part IV 
Drip-rendered lard 11 
Animal Husbandry open-kettle-l'endel'ed lard 
Hydrogenated lard 6 
\Jorn oil' 
3 Laure l-leaf, courtesy of Institute of American Meat Packers and Wilwn and 
Company. 
4 Mazola, courtesy of Corn Products Refining Company, 
, Corn oil, courtesy of the Clinton Corn Syrup Refining Company_ 
6 Clix, courtesy Cudahy and Company, 
-; Crisco. 
8 Certified, courtesy of Institute of American Meat Packers and Wilson a nd 
Company. 
~l Swift's, courtesy of Swift and Company. 
1(1 Courtesy of French Oil Machinery Company. Piqua, Ohio. 
11 Courtesy of Morrell and Company. 
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RESULTS AND DISCUSSION 
THE DOUGHNUTS 
FAT ABSORPTION 
The results for the first part of the study (1932-33) were not 
analyzed statistically. In this part of the study the dough was 
mixed by hand, and although the materials were incubated at 
24 ° to 25°C. overnight prior to combining, the temperature of 
the dough was not as uniform as in later parts of the study, 
because the room temperature varied from 22° to 27°C., and this 
variation was greater than for later units of the experiment. In 
addition. some other procedures were not as well standardized 
as for later parts of the study. 
AS AFFEC'fED BY DOUGH 'l'EMPERATURE 
I n general, for doughnuts the temperature of the dough wa~ 
lower than, or the same as, that of the ingredients before com-
bining, although the temperature of some mixes was higher than 
that of the ingredients. However, during rolling, the temper-
ntul'C of the dough came to room temperature. In other parts of 
this study on fats, l{esearch Bulletin 242 (8), it was reported 
that the temperature of the pastry dough was alwa~Ts higher than 
that of the ingredients, as was the temperature of the creamed 
mixtures for cakes with the exception of butter, Research Bul-
letin 255 (9). The explanation offered for this rise in tempera-
ture was friction and heat adsorption. However, for the dough 
mixtures the sugar going into solution would tend to lower the 
dough temperatul'e because of negative heat of solution, whereas 
adsorption of fat would tend to raise the temperature. 
The effect of the dough temperature on fat absorption of 
doughnuts was indirect rather than direct in that it influenced 
release of carbon dioxide and hastened other changes in the 
dough during the period after rolling and cutting and before 
frying. It was noted that if the room temperature WHS nearer 
24°C. the doughnuts expanded less from the action of the bak-
ing powder after rolling than if the room temperature were 
around 26°C. It was also noted that the room temperature was 
likely to be lmver during the first mix of a particular day and 
that doughnuts from this mix expanded less and absorbed more 
fat than those which had risen to a greater extent previous to 
cooking. 
It was desirable to allow the doughnuts to increase their 
volume about one-half before frying. This took about 30 minutes 
when the dough and room temperatures were from 24° to 26°C. 
Otherwise the surface of the doughnut cracked to a greater 
extent during cooking, producing a less smooth crust and a great-
er area for fat absorption. 
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TABLE I-FAT ABSORPTION (PERCENTAGE) BASED ON COOKED WEIGHT. 
AS AFFEaI'ED BY REROLLING- THE DOUGH. ALL DOUGHNUTS COOKED 
3 MINUTES AT 185°C. 
Average fat aooorption 
All 
doughnuts "Firsts" "Reralls" "Re-reralls" 
20 doz_ in 12 doz. in . 6 doz. in 2 doz. in 
each fat each fat each fat each fat 
Part II. 1933-34 % % % % 
12 Animal Husbandry lards .. . ........... . . ... . . 24.9 27 .5 21.6 18.0 
2 commercial lards .. . ......... . . . . . . . . . .. . ... 23 .9 26 .8 20 .4 16 .9 
All 14 lards . _ . ...... _. _. __ . 24 .8 27.4 21.4 17.8 
Hydrogenated lard _ ......... 24.1 27.1 20.1 17 .9 
Hydrogena ted cottonseed oil. ........... 25.2 28.4 21.4 17 .4 
Corn oil. sample I .... . ........ .. . . . . . .... 25.1 27.3 21.5 19.4 
Corn oil. sample II ..... 25.0 27 .5 21.4 20 .0 
Average all 18 fats .. ............. . ... 24 .8 27 .5 21.4 18.0 
20.5 doz. in 12 doz. in 6 doz. in 2.5doz.in 
each fat each fat each fat each fat 
Part III. 1934-35 % % % % 
9 lards . . .. .............. 25.6 29.1 21. 6 18.6 
Hydrogenated lard .... ' . . ... .. . .. . .. . ... . . 23.9 27.0 20 .0 18 .3 
'Hydrogenated cottoIiseed oil. ·. 24.2 27 .1 20.9 17 .7 
Corn oil . . ' ...................... 24.9 28 .4 23.1 18 .8 
Average of all 12 fats 25 .3 28.6 22.3 18 .5 
AS AFFECTED BY REROLLING THE DOUGH 
:B'at absorption, tables 1 and 2, based on either grams or fat 
or the percentage of fa~ absorbed, varied inversely with the hand-
ling and rerolling of the dough, being much smaller for the re-
rolled dough than for the doughnuts cut from the first rolling. 
"With increased handling the dough becomes smoother, more 
rubbery and more compact. 
'rhe grams of fat absorbed rather than the percentage of fat 
absorbed were used for the statistical calculations. Since the 
dough was always rolled the same thickness and the same cutter 
used, the surface area for absorption of fat by a lot of six dough-
Huts or a mix was approximately the same. All the dough-
nuts of one mix were rolled and cut before any were cooked. 
The room temperature was kept between 24° and 26°0., but, if 
the temperature tended to swing around 26° the expansion of 
the doughnuts was somewhat greater than if the room tempera-
ture was around 24°. Even with this variation it was thought 
this was a fairer basis for comparisons of fat absorption than the 
percentage of fat absorbed as calculated on. either the cooked 
or uncooked weight. The cooked weight of the doughnuts varies 
with the amount of dough in a lot of doughnuts (being heavier 
for more compact doughs), with the amount of moisture lost and 
with the amount of fat absorbed during cooking. 
The analysis of variance for fat absorption according to 
"firsts," "rerolls" and" re-rerolls" is given in table 3. The re-
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TABLE 2- FAT ABSORPTION (GRAMS) PER LOT OF SIX DOUGHNUTS. AS AF-
FECTED BY REROLLING THE DOUGH. DOUGHNUTS COOKED 3 MINUTES AT 
185°C. 1932-33. 1933-34, AND 1934-35. 
Number of "Firsta" "Rerolla" "Re-rerolls" 
Part fata gms. gms. gms. 
All fata 
I, 1932-33 .................... .. .. ... ... . .. . 14 52.4 38 .8 32.4 
II, 1933-34. 18 44.3 33 .3 28 .1 
III, 1934-35 12 43.1 31.5 27 .1 
Lards only 
1. ...... .. .. . . . .. . . . ... . . .. 10 52.4 39.3 32 . 6 
II.. ... . . . . . . . . . . . ... ........ . . . . 15 44 .3 33.3 27 .9 
III . . . . . . . . . . . 9 43 .8 32.1 30 .8 
Other fata 
1. . . ~ .. . . . . . . . . . . . . . . 52 .6 37 .3 32.1 
II ....... ... . 44 .2 33.2 ~9.3 
III .... . ... .. . 4l.1 29 .9 26.4 
TABLE 3-ANALYSIS OF VARIANCE OF FAT ABSORPTION OF ALL THREE 
ROLLINGS (R=ROLLING) PART III, 1934-35 (12 FATS). 
Source of variation 
Degrees of Sum of Mean 
freedom squares square 
35 279.1 i :4+ 11 15 .3 
2 261.4 130 .n 
22 '2.5 0 .1 
168 2.5 . 0 .2 
Between cella (fat x R) .. . . . .. . .. .... . .... . 
Between means offata. . . . . . . . . . . . . . . ...... . . ...... . 
Between means of R's .. . . ........... . 
Fata by R'B (interaction) .................... .. ............ . . 
Within, between means of mixes within fata (Experimental error) 
Total (Mix-fat cell) ..... 203 316 .8 
t Highly significant 
suIts were the same for all units of the study so that only the 
analysis for part III, is given. The large mean square 130.7, 
table 3, indicates very great differences in fat absorption between 
rollings. This was evident without the statistical analysis. The 
. ar..alysis also indicates, by the highly significant mean square, 
1.4, what was not so apparent in the figures in tables 1 and 2, that 
the fat absorption varies with different fats. The very small 
mean square, 0.1, which is less than the experimental error, in-
dicates the great uniformity of absorption and fat for each roll-
ing. "Firsts" always absorbed the most, "rerolls" in between 
and "re-reroll" the least. This chanced to be even more regular 
than might have 'Qeen expected. 
AS AFFECTED BY 'l'HE COOKING TEMPERATURE OF THE FAT 
Because each mix varies slightly from another mix, it is better 
when possible to compare the fat absorption on dough from the 
same source. However , a mix produced four lots of "firsts," 
two lots of "rerolls" and one of "re-rerolls." Since the fat 
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absorption of "firsts" and "rerolls" varies so greatly, only the 
"firsts" could be used for frying in a given fat at the three 
cooking temperatures. The frying schedule was arranged a:-; 
follows: 
MIX 1 
Lot 1 (firsts) fried in kettle No.1, at 170·C. 
Lot 2 (firsts) fried in kettle No.2, at 185· 
Lot 3 (firsts) fried in kettle No.3, at 200· 
Lots 4 (firsts), 5 and 6 (rerolls) and 7 (re-rerolls) fried in kettll! 
No.1 at 170· 
Mix 2 
Lot 1 (firsts) fried in kettle No.2, at 185·C. 
Lot 2 (firsts) fried in kettle No.3, at 200· 
Lot 3 (firsts) fried in k"lttle No.1, at 170· 
Lots 4, 5, 6 and 7 fried in kettle No.2 at 185· 
Mix 3 
Lot 1 (firsts) fried in kettle No.3, at 200·C. 
Lot 2 (firsts) fried in kettle No.1, at 170· 
Lot 3 (firsts) fried in kettle No.2, at 185° 
Lots 4, 5, 6 and 7 fried in kettle No. 3 at 200· 
In all, 18 mixes were required to furnish the 42 lots or 21 
dozen doughnuts cooked in each kettle of fat. The foregoing 
frying schedule was repeated for the remaining mixes, the first 
lot fried from each mix being rotated as shown in the frying 
schedule. 
The fat absorbed (total grams and percentage) at three dif-
ferent temperatures is given in table 4. 
The grams of fat absorbed per six doughnuts for each of the 
four fats at the three temperatures are given in table 5. If 
compared with the fat absorption for parts I, II and III cooked 
at 185·C., table 2, it will be noted that the range for differences 
in fat absorption for the three temperatures of part IV is not 
a::l great for "firsts", "rerolls" or "re-rerolls' as at 185°C, for 
previous parts of the study. 
Perhaps the most interesting results of part IV are shown in 
tables 6 and 7. The results have greater significance because 
lots of doughnuts from each of the 18 mixes were cooked at 
each of the three temperatures for a given fat and the order of 
cooking rotated. 
The volume of the doughnuts cooked at 170·C. was greatest, 
and they also showed fewer cracks than those cooked at 185°. 
Those cooked at 200·C. were smallest in volume, thus would 
have less surface area for fat absorption. Although, as can be 
seen in table 6, the total fat absorption in grams was somewhat 
less for each fat at 200· C. than at 185· and less at 170· than at 
185·, the analyses of variance of differences in the grams of fat 
absorbed showed no significant differences because of the cooking 
temperature of the fat. This indicates that unless factors other 
898 
TABLE 4-THE FAT ABSORPTION OF DOUGHNUTS COOKED AT THREE DIF-
FERENT TR'I!:PERATURES, NAMELY 170°, 180° AND 200°C. COOKING TIME 
FOR EACH LOT OF SIX DOUGHNUTS, 3 MINUTES. PART IV. 1935-36. 
Fat absorbed by 
Cooking Wt. 21 doz. 
temperature cooked 21 dozen 12 dozen 6 dozen 3 dozen 
Fat of fat doughnuts doughnuts "firsts" "reralls" "re-reralls" 
"C. gms. gms. % % % % 
Drip-rendered lard 
170 6477 1751 25.0 29.7 24.7 20.6 
185 6457 1778 24 .8 31.5 23.1 19 .9 
200 6458 1781 25.3 31.8 23 .3 19.0 
Animal Husbandry 
open-kettle-rendered 
lard 170 5936 1722 26.9 31.7 25.8 23.1 
185 5927 1723 26 .7 33.0 25.9 22.1 
200 5862 1676 25.7 32.0 23.7 21.6 
Hydrogenated lard 
170 6015 1737 26.7 31.5 26.6 22.0 
185 6023 1722 25.5 32.4 24.4 20.7 
200 5984 1706 25.6 32.2 24.1 20.4 
Corn oil 
170 5903 1561 24.6 29.2 23 .3 21.4 
185 5892 1580 24.4 29.9 22.7 20 .5 
200 5869 1525 24.0 28.9 22.7 20.4 
TABLE 5-GRAMS OF FAT ABSORBED PER SIX DOUGHNUTS. 
PART IV. 1935-36. 
Fat 
D~p":renq~red lard 
"FIrSts ;, .......... ... . . ..... .... .. .... . . .. .. 
"Rerolls .;; .. . 
Re-rcrolls ... . .. . 
A~!mal ~~.bandry open-kettle-rendered lard 
"Firsts ;,..... . ............. . . 
"Rerolls .. ,; ...... . . 
Re-rerolls ...... . 
H~~r.oge~~ted lard 
Firsts . . . 
"Reralls" .. ...... .. .. .. . 
"Re-rerolls" . 
Corn oil 
::Firsta";; .. 
Rerolls ... 
"Re-rerolls" . 
Cooking temperature 
170" C 185" C. 200" C. 
46 .3 48 .1 49 .3 
37.7 34.9 35.2 
31.5 30.7 29.0 
46 .0 46 .6 45.7 
35.5 35.5 32.0 , 
31.5 30.1 28.7 
46.4 47 .8 45.6 
36.7 33.5 33 .7 
31.5 28.3 28.3 
42 .0 43 .2 41.5 
31.6 30.6 30.6 
29.0 27.8 27.6 
than fat absorption affect the palatability of the doughnuts, they 
would be equally desirable cooked at any of the three tempera-
tures. The analysis of variance of differences in fat absorption 
for drip-rendered and hydrogenated lards showed no significant 
differences for the mixes used for these fats. However, for the 
Animal Husbandry open-kettle lard the differences in fat absorp-
tion because of variability in the mixes were significant, whereas 
for the corn oil they were highly significant. For some reason 
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the mixes of dough used for frying in the Animal Husbandry 
open-kettle and the corn oil were not as uniform as for the other 
two fats. The tests for the drip-rendered lard were carried out 
during October, those for the other fats during March. All the 
tests with a given fat were completed before those with another 
fat were started. About 6 d'ays were required to complete the 
tests with each fat. 
In table 7 the total grams of fat absorbed by 18 lots of dough-
nuts are given according to order of cooking. The first lot of 
six doughnuts rolled and cut from a mix, in general absorbed 
more fat than the second lot. In turn the second lot usually 
absorbed more fat than the third lot. The analyses of variance 
of differences in fat absorption according to order of cooking 
the lots from the 18 mixes were highly significant for all four 
fats. 
As the dough stands after mixing and rolling, it changes, the 
,vater becoming mOl'e evenly distributed throughout the flour 
proteins and starch and the dough stretching because of the 
formation of carbon dioxide from the reaction of the baking 
powder. The doughnuts standing longest before frying had the 
least fat absorption. The doughnuts were always cooked in the 
cl'der in which they were rolled and cut, but the temperature 
of cooking at which those first cut were cooked was rotated. 
These results show that the order of cooking the doughnuts 
for the formula and ingredients used in these studies had more 
effect upon fat absorption than the cooking temperatures used, 
TABLE 6--SUM OF· GRAMS OF FAT ABSORBED BY 18 LOTS OF "FIRSTS" 
(ONE LOT OF SIX DOUGHNUTS FROM EACH MIX BEING COOKED AT EACH 
OF THE THREE TEMPERATURES). COOKING TIME 3 MINUTES. PART IV. 
Fat 
Drip-rendered lard .. . .... . . . ........ .. .. . . 
Animal Husbandry open·kettle·rendered lard ......... . . . . 
Hydrogenated lard. . . . ...................... . . 
Corn oil ..... ..... . .. . . .......... . . 
Temperature of cooking 
170· C. 
871 
852 
861 
788 
185· C. 
923 
876 
8. 6 
824 
200· C. 
922 
852 
889 
782 
TABLE 7- SUM OF GRAMS OF FAT ABSORBED BY 18 LOTS OF "FIRSTS" 
(ONE LOT FROM EACH MIX BEING COOKED AT EACH TEMPERATURE) IN 
ORDER OF COOKING. REGARDLESS OF TEMPERATURE AT WHICH COOKED. 
PART IV. 
Fat 
Order of cooking 
First Iota Second lots Third lots 
cooked cooked cooked 
Drip-rendered lard . ...... . ............... . 966 895 855 
Animal Husbandry open.kettle·rendered lard ......... .. .. . 921 833 826 
Hydrogenated lard ... 953 879 814 
Corn oil . . .. . ........................... . . . 845 804 745 
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TABLE 8-THE SIMPLE CORRELATIONS WHICH SHOW THE RELATIONS 
OF THE CHEMICAL AND PHYSICAL OONSTANTS (INITIAL VALUES) 
AND FAT ABSORPTION. (12 FATS) 1934-35. 
F .... . 
I. .. . 
A .... .. 
S ..... . 
* Significant 
Fat absorption 
F 
t Highly significant 
Iodine No. Free htty 
No. acids 
I A 
-. 14 .43 
-.2'; 
Smoking Refractive 
point index 
S R 
-.55* -.17 
.38 .99t 
- .78t -.18 
.38 
namely 170°, 185' and 200°C. This is somewhat different from 
the tradition that there is less fat absorption at higher tempera-
tures. If, as previously pointed out, the time of cooking is 
shorter at higher temperatures this might be true, but when 
the time is kept standardized for all three cooking temperatures 
there are no significant differences in fat absorption. 
Since the doughnuts which stand the longest after mixing and 
cutting before frying always have the least fat absorption, this 
factor would need to be considered in planning certain types of 
experiments. 
AS AFE'FIJ'fED BY CHEMICAf, AND PHYSICAL CHARACTERISTICS OF THE FATS 
The correlations, given in table 8, indicate that the fat absorp-
tion in this study of the chemical and physical constants (iodine 
value, free fatty acids, smoking points and refractive index) is 
affected to a greater extent by the smoking point than by the 
other constants. This correlation, -0.55, though not particularly 
high, is significant even for the small number of fats used. Since 
the correlation is negative, the lower the smoking point the 
greater the fat absorption. Only the data for the 12 fats used 
during 1934-35 are given in table 8, as the refractive index was 
not determined during the earlier parts of the study. However, 
when the data for the 18 fats used in 1933-34 were combined 
with those for the 12 fats used in 1934-35, the correlation between 
fat absorption and smoking point was -0.45, which with the 
larger number of degrees of freedom was highly significant. 
One interesting correlation is that between iodine number and 
the refractive index, 0.99, which is so high that for the fats in 
this study the iodine number could have been calculated with 
_ a high degree of accuracy from the refractive index. 'r'he iodine 
number is often calculated from the refractive index, but the 
correlation is not always as high as in this instance. 
The correlation between free fatty acids and the smoking 
point is -0.78, which is highly significant. It was also highly 
significant when the data for the 30 fats were combined. 'rhis 
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result was expected because Blunt and Feeney have shown that 
the lowering of the smoke point was inversely proportional to 
the free fatty acid content. Since the free fatty arid content 
influences the smoking point, it at least indirectly influences the 
fat absorption, because a fat absorption is affected by the smok-
ing point of the fat . 
Morgan and Cozens, a11hough their experiments were not ex- · 
tensive, noted a relation between fat absorption and refractive 
indcx, the fats being absorbed in the greatest amount showing 
higher refractive indexes. However, the correlation between the 
fat absorption and the refractive index in this study was -0.18. 
Since it. is negative the correlation shows a tendency to less fat 
absorption with higher refractive index, an opposite result to 
that obtained by Morgan and Cozens. But, because the correla-
tion was not significant no relationship can be attributed to these 
two constants in this stuqy. The refractive indexes were not 
determined for the fats used in 1933-34, hence the correlation 
between iodine number and refractive index could not be de-
termined on the data for the combined 30 fats. 
COJ\1PAlUSON OF FAT ABSORPTION BY DOUGHNUTS AND POTATO CHIPS 
. Potato chips and doughnuts were cooked in different sample~ 
of the same fat . All fats were heated the same length of time, 
and 40 lots of potato chips (1h lb. per lot) and 40 lots of dough-
nuts (six per lot) were cooked in the fats. The fat absorption is 
given in table 9. 
The weight of the potato chips after cooking (with the absorh-
ed fat which averages 11 grams for 112 grams of sliced potatoes) 
was ahout one-third that of their initial weight, whereas the 
eooked weight of the doughnuts was always greater than their 
initial weight. Thus the fat absorbed by the doughnuts was 
TABLE 9- THE UNCOOKED AND COOKED WEIGHTS OF 40 LOTS OF POTATO 
CHIPS (112 'GRAMS PER LOT) AND 40 LOTS OF DOUGHNUTS (SIX DOUGH-
NUTS PER LOT) WITH GRAMS OF FAT ABSORBED AND THE PERCENTAGB 
OF FAT ABSORBED (CALCULATED ON THE COOKED WEIGHT). THE WEIGHT 
OF THE UNCOOKED POTATOES WAS 4.480 GRAMS IN EACH INSTANCE. 
PART 1. 1932-33. 
Potato chiPII. 40 lots Doughnuts. 40 lots 
Cooked Fat absorbed Wei~ht Fat absorbed 
Fat weight ------------------
Uncooked Cooked 
gms. gmB. % gms, gms. gms. % 
------- - - ---------
Prime steam lard . 1462 528 36 ,1 6170 7121 1735 24 .4 
Open-kettle lard , , . 1544 527 34 ,1 5978 7228 1939 26.8 
Composite lard. H . 
" 
1596 526 33 .0 5784 6941 1863 26,8 
Corn oil, I . .... . . .... 1949 687 44 .3 5638 6617 1675 25,3 
Corn oil. II. . , . . . ..... 1560 500 32 .0 5651 6889 1973 28.6 
Hydrogenated lard , ' .. . 1518 451 29.7 5631 6758 1926 28 .5 
Hydrogenated cotton-
seed oil.. .•• . ....... 1424- 423 29.7 5701 6657 1779 26 .7 
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TABLE 10- PALATABILITY SCORES FOR DOUGHNUTS. THE SCORES IN 
FIRST COLUMN ARE FOR THE FIRST DOUGHNUTS FRIED IN EACH FAT; 
THOSE IN THE SECOND COLUMN ARE FOR DOUGHNUTS FRIED IN THE 
SAME SAMPLE WHEN THE FRYING PERIOD WAS APPROXIMATELY FIVE-
SIXTHS COMPLETED OR AFTER 8 HOURS OF USE; THOSE IN THE THIRD 
COLUMN WERE COOKED IN A FRESH SAMPLE OF THE FAT AND SCORED 
AT THE SAME TIME AS THOSE COOKED IN THE USED FAT. DOUGHNUTS 
COOKED 3 MINUTES AT 186°C. PART III. 1934-35. 
Doughnuts Doughnu!8 
cooked in cooked in 
Doughnu!8 UBed fat after another 
Group and fat cooked in 516 minutes sample of 
fresh fat of frying fresh rat 
Group I 
Prime steam lard. lot III 69.5 66.7 75 .2 
Open-kettle lard, lot II .. 76 .2 72.7 80 .0 
Hydrogenated lard ......... 83.7 78 .5 87.0 
Prime steam green lard, II .. . . . . . . . . . . . . . 72.2 79.5 77 .5 
Qroup II 
78.2 85 .7 Drip-rendered lard, lot III ...... 74 .5 
Prime steam green lard, lot III . . . .. . .......... 70.7 70 .7 78 .0 
Animal HUBbandry open-kettle-rendered lard .. 79.5 61.5 78 .5 
Hydrogenated cottonseed oil. . 84.5 82.0 88.0 
Group III 
Corn oil ..... . _ ............. 84 .2 72.5 85.5 
Drip-rendered lard, lot I .. ... . ..... . 69.5 81.7 80 .7 
Prime steam green lard, I . ......... . . 69 .7 82.2 81.2 
Prime steam lard, 1. .... .... .... .. ... 71.0 79.7 86.5 
always greater than their loss in weight due to loss of moisture 
during cooking. 
For the quantities used in this study the grams of fat absorbed 
were less (between one-third and one-fourth less) for the potato 
chips than for the doughnuts. The surface area of the potatQ 
chips was far greater than that of the doughnuts. On the other 
hand the dough which was soft and more porous, would absorb 
fat more readilv. 
The fat abso~bed by the potato chips was a much higher per-
centage than that absorbed by the cooked doughnuts. 
P ALA T ABILITY STUDIES 
For the palatability studies during 1934-35 the fats were 
divided into three groups (table 10). The fats consisted of nine 
lards, a hydrogenated lard, a hydrogenated cottonseed oil and 
a corn oil. \Vith one exception, all the lards were commercially 
rendered. Two were drip-rendered, five were prime steam, and 
one was open-kettle-rendered lard. The other lard was an open-
kettle one rendered at the college. The chemical and physical con-
stants of these fats both before and after use are given in tables 
15 and 16. 
The two previous units of the study had shown the importance 
of the individual mix, in that one mix was not a duplicate of 
another mix, just as no two persons' fingerprints are alike. It 
was also impossible to cook doughnuts from the same mix in 12 
different fats, without having some doughnuts stand a long time 
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before cooking, during which period their characteristics would 
be changing through aging of the dough. It also would have been 
difficult to control the temperature of 12 fats that were to be 
used as (Juickly as possible one after the other. However, the 
temperature of four fats could be watched, although heating of 
thi.s many kettles at the same time made it more diffirult to con-
trol the room temperature. 
The fats were divided as evenly as possible, each of the fats 
that smoked but little in the kitchen being put in a different 
group, namely the two hydrogenated fats and the corn oil. Each 
group contained one or two prime steam-rendered lards. 
The doughnuts were rated by four judges for the following 
chararteristics: Appearance, fat absorption :md eating quality. 
The sum of these points gave the total score. The numerical 
rating given in table 10 is the mean of the total scores of the four 
judges. 
Definite conclusions should not be drawn from the scores for 
part III, table 10, because each score is for one lot of six dough-
nuts. It would have been better, if time had permitted, to have 
repeated each experiment several times for every fat so that the 
scores would have been averages of several observations. In addi-
tion the judges did not have a long preliminary training in 
s(~oring doughnuts. 
Another factor which might affect the scores, somewhat ad-
versely for some fats, was whether the doughnuts were the first 
or last lot to be rolled and cut from a given mix. Whereas all 
the doughnuts were" firsts", it is shown in part IV that the first 
lot of six doughnuts rolled and cut from a mix absorbed more 
fat than later lots. This also may have affected the scores. 
It seems logical that the scores in column 3, table 10 should 
be given more weight than those in column 1. Some time elapsed 
after scoring the first doughnuts cooked in a fat , column 1, be-
fore the next doughnuts were scored. But, the comparisons for 
1be scores recorded in columns 2 and 3 were made at the same 
time. 
In general the palatability scores were lower for doughnuts 
cooked in a fat after it had been used for frying about 8 hours 
than when cooked in a fresh sample of the same fat. 
It will also be noted that for the prime steam-rendered green 
lard II, group I, and the drip-rendered and prime steam green 
l[<rds of group III, the scores for the doughnuts were higher after 
the fat had been used for frying about 8 hours (column 2) than 
for the first doughnuts cooked in these same fats (column 1) and 
in other samples of these same fats (column 3) . The first dough-
nuts cooked in prime steam lard I of group III, column 1, scored 
lower than those cooked after the fat had been used for some 
time (column 2). 
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The only explanation that can be offered for higher scores for 
duughnuts after these fats had been used for 8 hours is that the 
odor of these lards was strong when first heated. Thus it is 
possible that after these undesirable odors had volatilized even 
the effect of heating in breaking down these fats was not suf-
ficient to offset Lhe improvement in flavor brought about by 
volatilization of undesirable odors. Notes on the prime steam 
green lard of group I, indicate that it was undersirable to use 
as a cooking fat because of its offensive odor. Of the prime 
f-'team lard of group III it was stated that the odor was "terrific" 
bo1 h before and after using, yet the score for the fresh fat 
(column 3) indicates a desirable doughnut fried in a second 
sample of the fat. The prime steam green lard of group III was 
also characterized as having a strong odor both before and after 
heating. Of the drip-rendered lard of group III, it was record-
ed that it had a rancid, strong odor before heating. The director 
of the study rated it a strong, musty odor, not a rancid one. The 
peroxide value was 3.96 before use, indicating some other source 
than rancidity of the disagreeable odor. 
Thiessen (16) found that in the ease of lards. the distinctive 
lnrd flavor was less pronounced in doughnuts after the fat had 
been re-used several times. She added, "The reason for this 
has not been determined but was evident in each of the lards 
tested. " 
In comparing the desirability of fats for cooking doughnuts, 
part III, table 10, in general, those fats with high smoking 
points produced higher scoring doughnuts than those with low 
smoking points . 
• \S AFFEC'l'ED BY THE COOKING TEMPERATURE 
];'01' part IV (1935-36) doughnuts were cooked at 170°, 185° 
and 2ottO. The scores for the first six and last six fried in each 
fat are given in table 11. For the drip-rendered lard at 170°0. 
the score was higher after the fat had been used about 10 hours 
than for the first doughnuts cooked in this sample of fat. For 
all other fats and all other temperatures of cooking the reverse 
was true, i.e., the doughnuts were less palatable after the fat had 
been used. 
In comparing the most desirable temperatures for frying 
doughnuts, 200°0., for the f0rmula used in these studies, would 
immediately be ruled out, unless the cooking time were short-
ened, as even the first doughnuts fried in a fat at this tempera-
ture were undesirable, all the scores being less than 60. The 
two lards for their first use appear to be more desirable at 185° 
than at 170°0., but the doughnuts cooked in the used fat were 
much more palatable at 170° than at 185°0. For the hydrogen-
ated lard and corn oil the lowest cooking temperature produced 
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TABLE ll- TOTAL SCORES FOR THE FIRST AND LAST LOT OF DOUGHNUTS 
COOKED IN THE FOUR FATS AT THE THREE TEMPERATURES INDICATED. 
PART IV. 1935-36. 
Frying temperature 
170' C. 185' C. 200' C. 
Fat ------------
First 6 Last 6 First 6 Last 6 First 6 Last 6 
fried fried fried fried fried fried 
----------
Drip-rendered lard ... .............. .. . . 78.0 82 .7 87 .0 63 .7 50.0 33.0 
Animal Husbandry open-kettle lard .. 61. 7 62.7 68 .0 44 .3 52 .3 26.7 
Hydrogenated lard .. 85.0 81.3 69 .7 62 .0 51. 7 41.7 
Corn oil. . . . .. .... 80.3 65 .0 73 .7 49 .3 57 .7 30 .7 
more palatable doughnuts than the medium temperature for both 
fresh and used fats. 
The results of this portion of the experiment suggest that 
170°0. is a more desirable temperature for cooking doughnuts 
than either 185° or 200°0., particularly after the fats have been 
_ used for some time. 
OTHER OBSERVATIONS 
Some of the eharacteristit:s of the doughnuts varied consider-
ably at the different temperatures. 
Since the chemical and physical changes of the fats were to be 
determined after a definite frying period at all temperatures, all 
the doughnuts were cooked 3 minutes. Ordinarily the time would 
have been shorter at the higher temperatures, as those fried at 
200"0. were darker in color than is usually considered desirable. 
The doughnuts cooked at 170°0. were the tenderest; those at 200° 
the crispest. The crust of those cooked at 170°0. was compara-
tiycly smooth and regular due to the slower expansion at the low-
<'st temperature, whereas for those cooked at 200° it was the most 
irregular and cracked. 
The volume of the doughnuts, in general, was greatest at 170° 
and least at 200°0. 
It was also noted that the doughnuts cooked in oil had a shinier 
surface even after standing several hours than those cooked in 
tile fats. Those cooked in the hydrogenated fat became dull 
more rapidly, through solidification of fat on the surface, than 
those cooked in the lards. 
It was interesting that the unofficial scorcrs preferred the 
lighter colored doughnuts cooked at 170°0. It was customary 
during the course of these studies to place the doughnuts in a 
pan on a table near the door. They were sold for a penny each. 
Some (!irls became very regular customers. As long as there 
was a choice they would select the very light-colored ones and 
soml'times asked if there were to be light-colored ones finished 
in a short time. It was these unofficial preferences together 
with the scores that made us wonder if doughnuts were not often 
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overcooked or cooked at a higher temperature than would give 
the most palatable product. 
The color of the doughnuts cooked at a given temperature 
varied somewhat with the different fats. At 170°C. the dough-
nuts cooked in the Animal Husbandry lard were slightly darker 
than those cooked in the other three fats. The doughnuts cooked 
last in each fat at 170°C. were only slightly darker than those 
cooked first. 
At 185°C. the first doughnuts cooked in each fat were an 
attractive medium brown color. However, the color darkened 
eonsiderably during the last third of the frying period. Again, 
the doughnuts fried in the Animal Husbandry Jard were slightly 
darker than those fried in the other fats. 
At 200°C. even the first doughnuts cooked in the fats were 
too dark and had a burned flavor. Those cooked in the hydro-
genated lard were not quite as dark as those cooked in the other 
fats. 
TABLE 12-S0ME PHYSICAL AND CHElIITCAL CONSTANTS OF THE ORIGINAL 
FATS AND AFTER THEY HAD BEEN HEATED APPROXIMATELY lOlA, HOURS 
FOR FRYING DOUGHNUTS AND POTATO CHIPS. PART 1. 1932-33. 
Free fatty 
Iodine acids as Melting Smoking 
Fat and use number oleic point temperature (Wijs) % ·C. ·C. 
Corn oil , sample I 
0 .78 Original sample. . ... ..... . .. . .... . .... 125.6 111* 
After frying doughnuts .. . . . . . .. . .. . ...... .... 118 .8 0.77 163 
After frying potato chips. 114 .8 1.00 165 
Corn oil, sample II 
0 .39 Original sample ... .... 125 .6 185 
After frying doughnuts 120 .6 0 .80 158 
After frying potato chips . 120.4 0 .94 168 
Hydrogenated lard 
0 .31 Original sample . . . ..... 60 .5 49 .5 170 
After frying doughnuts .. 58 .3 0.45 48 .2 1401 
After frying potato chips . 51.5 0 .87 48 .6 142 
Hydrogenated cottonseed oil 
0.22 170 Original sample ... . .. .. 76 .4 45 .5 
After frying doughnuts . 72 .7 0 .43 46 .2 159 
After frying potato chips . 71. 7 0.26 45 .8 162 
Prime steam-rendered lard 
Original sample ... 68.5 0.45 43 .5 139 
After frying doughnuts .. 57 .5 2 .57 40 .5 95 
Open·kettle-rendered lard 
Original sample ... ...... 65 .9 0 .38 44 .5 150 
After frying doughnuts .. 60.2 0 .81 36.1 103 
Composite lard H 
0 .20 48 .3 103* Original sample ... . ' ... ... .. .... .. . . .... ..... 83.4 
After frying doughnuts . 79 .8 0 .83 46.2 146 
Analysts: W. Bosch , D. Starr and E. W. Eikelberg 
* Evidently a mistake in analysis 
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COMPARATIVE CHAJ.~GES IN FATS AFTER COOKING DOUGHNUTS 
AND POTATO CHIPS 
THE IODINE NUMBER 
The data, table 12, show that the iodine number in every 
instance was lowered to a greater extent after frying potato 
chips than after frying doughnuts. It is unfortunate that the 
chemical and physical constants for th~ three lards (the com-
mercially prime steam and open-kettle-rendered and the com-
posite lard H) were not determined after cooking potato chips. 
FREE FATTY ACIDS 
Likewise, with the exception of the hydrogenated cottonseed 
oil, the free fatty acids increased to a greater extent when potato 
chips were fried than when doughnuts were fried. The potato 
chips had a higher water content than the doughnuts, consequent-
ly more water was volatilized in cooking the chips than in cook-
ing the doughnuts. These results support . the contention of 
l>or~er ct aZ., (14) that "the breaking down of a fat involving the 
forniation of acid is a direct result of a reaction with water at 
elevated temperatures." _ ' . - . -
• ' It should als'o be recalled that although the initial temperature 
of the fat when the potatoes were added, 190°0., was somewhat 
higher than that at which the doughnuts were added, 185°, yet 
the temperature of the fat during the cooking of the potatoes 
was considerably lower (154° to 173° ) than during the cooking 
of the doughnuts (185°0.). That the lowering of the iodine 
number and increase in free fatty acids occur more rapidly at 
higher temperature is shown in part IV of this study. The effect 
of temperature, because of its variation, on the lowering of the 
iodine number and increase in free fatty acids, cannot be evalu-
ated. However, the results suggest that the water content of the 
food had considerable effect on the rate of breakdown of the fat. 
SMOKING POINT 
" Then the smoke point is considered, table 12, it is noted that it 
was lowered to a greater extent after frying doughnuts than 
after frying potato chips. The observation of visible smoke in 
the kitchen checked these results. Of the fats which smoked in 
the kitchen, those in which the doughnuts were fried had a larg-
er quantity of smoke at the end of the heating period and smok-
ed earlier than another sample of the same fat in which potato 
chips were cooked. Oomposite lard H began smoking after it 
had been used 307 minutes for doughnuts and after 514 
minutes for potato chips. The prime steam-rendered lard 
smoked with both doughnuts and potato chips when first 
heated as soon as the temperature reached 185°0., but the 
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quantity of smoke towards the end of the frying period 
was much greater from the kettle in which doughnuts were 
cooked than from the kettle in which potato chips were 
cooked. However . the initial smoke point of this lard was un-
usually low, 139 0 .. the lowest of any fat used for frying, if two 
exceptions are made. The exceptions ar e corn oil (sample I ) and 
composite lard H , the initial smoke points of which are undoubt· 
edly mistakes in analyses, for the corn oil gave off no visible 
fumes during its use, and the smoking temperature after using 
614 minutes for both potato chips and doughnuts was much 
higher than that of the original sample. For lard H the smoke 
point was also lowf'r than after its use, and this low smoke point 
does not agree with observations in the kitrhen, since more than 
one-half the heating period was completed before smoke was 
noted for either doughnuts or potato chips. 
Blunt and Feeney have shown that the smoking temperature 
of a fat depends upon three factors: the surface area exposed to 
the air, the percentage of free fatty acids being inversely pro-
portional to the acid content, and the accumulation in the fat of 
particles such as flour. Since kettles of the same size and shape 
with the same initial weight of fat were used for both doughnuts 
and potato chips, thl;l surface area can' be disregarded as a great 
factor in lowering the smoke point. Since in general the smok-
ing temperature is lowered to a greater extent with increase in 
free fatty acids, the logical result would be to have the smoking 
temperature lowered to a greater extent after frying potato chips 
that after frying doughnuts, but the opposite occurred. 
Sinrc potatoes lost more moisture during cooking than the 
doughnuts, some of the smoke fumes might have volatilized with 
the steam. and this might account for less smoke being noticeable 
during the cooking of the potato chips in the kichen. But this 
explanation has to be discarded when the smoke points deter-
mined in the chemical laboratory are examined. Thirteen chem-
ical and physical analyses were made on each fat during the first 
year of the study. It was found that the fats, if they contained 
moisture before frying use, had less moisture after they had been 
used for frying purposes. 
The accumulation of particles, particularly of small flour par-
ticles (which became charred and formed a fine black sediment 
in the bottom of the cooking utensil ) in the fat in which dough-
nuts 'were fried ,"itS great, whereas for potato chips only a few 
small particles (which became charred and mostly floated on the 
f'.urface ) were left in the fat . This then, may be the factor that 
accounts for greater lo>,'ering of the smoking temperature for the 
lat in which doughnuts were fried than for the same fat when 
used for potato chips. It is also possible that the increase in 
surface area through accumulation of particles is not the only 
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factor in the smoke point being lowered more when dou!.\'hnuts 
are fried than when potato chips are fried; the smoke point waR 
determined on the filtered fat. The decomposition products pro-
cIuced during- the charring and breakdown of the flour particles 
may have had some effect in hastening the breaking down of the 
fat. 
COLOR 
The darkening in color for the fats in which doughnuts were 
fried was g-reater than that in which potato chips were fried, 
even after the charred paticles had been removed by filtering. 
STRAIN SEDIMENT FROM FATS FOR HOUSEHOLD USE 
A custom commonly used in the household is to cook slices of 
potatoes in a fat which haR been used for frying doughnuts or 
ether foods for clarifying the fat. The results of this unit of the 
study of the frying life of fats raises the question whether this 
practice is worth the effort it takes. It would seem that strain-
ing out any particles that had accumulated in the fat would take 
less time and save additional heating and further breakdown 
of the fat. 
THE FATS 
CHEMICAL AND PHYSICAL CHANGES 
SPUTTERING 
Some of the lards sputtered a great deal when first heated. 
Presumably this was due to their water content, for the sputter-
ing always ceased by or before the end of the first day's heating. 
No foaming of the fats was noted at the last of the cooking 
periods. 
GUM FORMATION 
All fats produced gum at the edge of the fat line on the co~­
tainers. With the oils it was particularly heavy and after heat-
ing for 10% hours could be scraped off in layers. . 
DARKENING IN COLOR OF THE FATS 
The fats and oils became darker and darker as their use in fry-
ing progressed, some darkening to a much greater extent than 
others. Two factors were responsible for this, the breaking down 
of the fat and the accumulation of browned flour partieles. Dur-
ing solidification between cooking periods the fats became grey 
and dirty looking. vVhen the accumulation of browned particles 
of flour and dough became pronounced it affected the appearance 
of the doughnuts. When the doughnut is first dropped into the 
hot fat it sinks, but with expansion due to the production of car-
bon dioxide from the baking powder it floats to the surface. If 
the fat contained many of these browned particles, the upper side 
of the doughnuts were speckled in appearance, the small mottled 
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portions being much darker than the other part of the surface. 
It would appear, since the number of doughnuts cooked in each 
fat was the same, that the particles of browned flour would be 
about equal in each fat. But the mottled appearance occurred to 
a greater extent in the fats that smoked earlier in the frying pro-
eess, thus indicating that part of this spotted appearance of the 
(10ughnuts and darkening of the fats was due to their breakdown 
from the heating. 
ODOR 
Il'lTIAL ODOR 
It was evident soon after starting the work with lards, that 
their odor varied greatly. In general, lards have what may be 
described as a characteristic odor. However, this same odor 
may be offensive if the concentration is great enough, and the 
intensity of the odor of lards does vary considerably. It re-
sembles somewhat the odor of browned fat on pork roast or 
cracklings plus other odors. But, the odor of certain lards, either 
commercially rendered or those rendered from fat from individ-
ual or groups of hogs may be very different from this chaI:aeter-
istic lard odor. In fact, ~t someti:rp.es seems that there areas 
many lard odors as there ate lards. 
During this investigation of the culinary uses of lards, 25 com-
posite lards r endered from fat from groups of hogs by the Animal 
Husbandry section were used. The history of the hogs was known, 
and they were on control or various types of feeds which in-
cluded soybeans and soybean products. A fuller dm:;cription of 
these lards is given in Research Bulletin 242 (8). For the chem-
ical and physical characteristics see table 15 and Bulletin 242. 
Of the nine composite lards 12 used during 1932-33, lard H had 
the most offensive odor (a strong, disagreeable one which one com-
mentator designated as a spoiled fish odor), followed closely by 
lard I, whereas lard G was somewhat milder. The other six harl 
mild, characteristic odors. Of the 15 composite lards used dur-
ing 1933-34, six were rated as having strong, disagreeable odors. 
Lard lot. II, 369 was given the lowest score, having the worst and 
strongest odor, but was rated only twelfth in flavor. Two lards 
were scored as having mild but peculiar, not typical lard odors. 
It seemed that the feed some of these hogs had received had af-
fected the odor of the lard rendered from the fatty tissue. How-
lZ Lard H was from fat from pigs receiving whole soybeans and alfalfa meal , both 
"elf-fed. 
Lard I waJ from pigs which had receiv,=d Trinity mixture (whole soybeans 50; linseed 
oilmeal 25; alfalfa meal 25). 
Lard G was from pigs which had received Trinity mixture self-fed to the t ime they 
wdghed 125 pounds. After that the Trinity mixture was replaced with whole soy-
beans. 
Other lards in this group were from pigs receiving (C) whole soybeans, (A) meat 
meal tanka >:e. (8) meat meal tankage and later whole soybeans, (E) soybean meal 
and (F) Trinity. 
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ever. later experience showed that feed was only one factor which 
might affect the odor. The other two composite lards were used 
in parts III and IV lmd will be mentioned later. 
The lards r endercd from fat from individual hogs varied widely 
for both odor and flavor, yet all these animals had been on the 
same feed. Of the 33 Animal Husbandry individual lards ren-
dered during the fall of 1932, some were milder than others. but 
none was particularly strong or disagreeable. However, of the 
] 2 rendered during the spring of 1933, lard F 37 had an intense 
odor, which was somewhat nauseating when fanned UP by the 
mixer during ('reaming of this lard with sugar for ('ookies. The 
most apt description was that it had a barnyard odor, yet the 
animal and the fat had been handled in exactly the same way 
as the other individual lards. The chemical and physical con-
stanls also were similar to the other lards of this and the group 
01 33 individual lards. The odor of lard F 38 was nearly as 
>'trong as that of F 37, whereas that of F 33 was milder. Thesex 
()f the animals from which the last three mentioned lards hail 
been obtained was checked, but the lards had come from both 
males and females. The other nine lards of this group varied 
somewhat in intensity of odor, but all odors were characteristic 
lard odors. Of the 48 Animal Husbandry individual lards ren-
dered during the fall of 1933, none had this nauseating odor; 
five were scored as being very strong (one was ~omewhat sour 
as well a~ strong): 8 wcre scored as strong; 10 ~s medium ; 
12 as mild; and, 13 as very mild. 
The odor of the commercially rendered lards also varied great-
ly. The method of rendering also affected the odor, each method 
tending to have its own characteristic odor. In general the odor 
of the prime steam-rendered lards was less desirable than the 
open-kettle-rendered ones, but this was not always true. The 
drip-rendered lards were, in general, more nearly odorless or 
milder than the prime steam or open-kettle-rendered lards. One 
Gf the drip-rendered lards had a somewhat musty odor. 'Whether 
drip-rendered lard would always be somewhat milder in odor 
than prime steam-rendered lards is not known. 
VOLATILIZATION OF THE INITIAL ODOR 
Two 1hings were noticeable in the lard odor. In general; it was 
Hot imparted (the exceptions are noted elsewhere ) to such an 
extent that the flavor of the doughnuts was objectionable. How-
ever, arter the lards began to break down from continued use 
at a higher temperature, a disagreeable flavor was noticeable in 
Lhe doughnuts. 
The odor was quite volatile and became milder during the heat-
ing of the fat, for some lards disappearing until it could not be 
detected. It was al::.o observed that this disagreeable lard odor 
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TABLE 13-THE DESCRIPTION OF ODOR OF FATS USED FOR FRYING 
DOUGHNUTS DURING 1934-35 _ DOUGHNUTS FRIED 3 MINUTES AT 185°C. 
Fat 
Group I 
Prime steam lard. lot III. . . 
Open-kettle lard, lot II .. . 
Hydrogenated lard ... . . . . 
Prime steam green lard , II . 
Group II 
Drip-rendered lard, lot III . 
Prime steam green, Ill . 
Odor 
Initial Developed during use 
Fairly strong . . . .. .... . ..... .. Gradually became stronger 
Moderate, of objectionable qual. Moderately strong 
Little. . Very little stronger 
Strong . . Strong 
Very mild .. 
Very strong . . ... . ... . . . . . 
Somewhat stronger with use 
Remained strong even after long 
heating 
Animal Husbandry open-kettie lard . Strong . 
Hydrogenated cottonseed oil. . Little . . 
Milder with heating, then8tronger 
Little stronger 
Group III 
Corn oil .... 
Drip-rendered lard, lot I . 
Prime steam green, lot I . 
Prime steam, lot I 
Somewhat stronger than hydro-
genated fata 
Slightly off, musty . 
"Terrific animal" ... 
"Terrific" . . 
Slightly stronger with uae 
Changed to stronger odor 
Changed after heating to stronger 
Changed to stronger odor 
volatilized during the mlxmg (particularly during the 3 to 4-
minute period in which the fat and sugar were being creamed 
for cookies) and baking of pastries and cookies. Both these 
products were thin, hence offered more surface for volatilization 
of odoriferous products than cake. The peculiar, disagreeable or 
nauseating odors of lards were never observed in the baked pas-
tries and cookies, although the characteristic lard odor might be 
noticeable. However, few cooks car e to use a fat if the odor 
collects in the house during the mixing of the ingredients or dur-
ing cooking and baking, even though the disagreeable odor 
volatilizes from the product during baking. 
Roschen and Newton (15) showed that samples of rancid lard, 
possessing the characteristic odor and taste, lost the rancid prod-
ucts by volatilization when steam was blown through the lard at 
100°C. None of the fats or oils used in the culinary tests for this 
study was rancid at the t ime of its use, so the odors referred 
to in the discussion are not those of rancidity (rancid ones. ) 
ODOR DEVELOPED DURING US!!; 
The fats used for f rying doughnuts during 1934-35 with com-
ments on odor are reported in table 13. 
All fats, regardless of the kind of fat, tended to develop the 
strong odor of burning fat after 101;4, hours use. However, the 
speed with which this occurred and the degree attained varied 
greatly for the different fats. For the hydrogenated fats but 
little change may have occurred. Usually the lards went through 
a charactel'istic cycle. The peculiar and characteristic lard odors 
gradually lessened with heating so that the fat became odorless 
or more nearly odorless than when first heated (there were a 
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few exceptions to this customary behavior). (Thiesse!l mentions 
this lessening of the lard odor with heating.) Then, with longer 
use the stronger odor of burning fat began to develop. Some 
lards smoked very soon after heating, some from the first time 
heated. The latter developed stronger burned odors of breaking 
clown fats early in the heating process. Some variations were 
noted. The odor of lard lot IX 368 stayed much longer than 
for some fats, yet it smoked only slightly. Lot I 369 had a slight 
odor at first which became more pronounced after 30 minutes of 
heating. The open-kettle and prime steam lards of part II had 
rat.her strong odors, which nearly disappeared after a short heat-
ing period, yet the lards smoked profusely. For part III, the 
drip-rendered lard, lot III had little or no odor and did 
not develop much odor throughout the heating period, whereas 
the drip-rendeI'd lard, lot I, had a somewhat musty odor 
which lessened as the fat was heated but was soon replaced 
by a strong odor that developed during heating; yet the 
fat smoked only very late in the cooking period and did 
not discolor to a great extent. The Animal Husbandry 
lard of part III had a strong odor which volatilized quick-
ly, whereas the prime steam-rendered green, lot III, had a 
strong odor which remained strong after long heating. The 
same was true of the prime steam green, lot I. The last 
developed a stronger "animal," more offensive odor on heat-
ing than any of the commercial fats used. The prime steam lard, 
lot I of part III, had a strong odor, although it was the same 
brand as the prime steam lard of part II from which the odor 
volatilized rapidly. . 
ODOR AS AFFECTED BY TEMPERATURE OF USE 
The higher the temperature at which the fat was used the great-
er the breakdown of the fat and the more rapidly a disagreeable 
odor developed regardless of the fat used. However, the changes 
for some fats were much grearer than for others. The description 
of these changes for both kind of fat and temperature of use are 
given in table 14. 
THE SMOKE POIN']' 
Until September, 1934, the smoke point was determined by a 
method suggested by McCoy (11 ) . Of the McCoy method, 
Eickelberg (4) states that one observes an early smoking tem-
perature, because the fumes are concentrated by the narrow neck 
of the flask. After this time the smoke point was determined 
by the American Oil Chemists Society (1) method adapted for 
use in the chemistry laboratory. 
The initial smoke point of the lards used for frying doughnuts 
of parts II and III, excluding the two drip-rendered lards, 
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TABLE 14- DESCRIPTION OF THE INITIAL ODOR AND THE CHANGE IN 
ODOR WITH THE TEMPERATURE USED. PART IV. 1935-36. 
Fat-Temperature used. centigrade 
Drip-rendered lard 
170' 
185' 
200' 
Animal Husbandry open-kettle-ren-
dered lard 
170' 
185' 
200' 
Corn oil 
170' 
185' 
200' 
Hydrogenated lard 
170' 
185' 
200' 
Odor 
Little odor either before or after heating at the lowest temperature. 
Aft.lr use at 185' the odor became stronger towards the last of 
the period, and at the highest temperature was very strong 
towards the last. 
Fairly mild odor at first. The odor became stronger with beating 
even at the lowest temperature. It became stronger and stronger 
at higher temperatures. 
Quite characteristic odor, moderately strong which did not pass 
or become milder M in the case of the lards with initial strong 
odors. Also did not develop as strong odor with heating as the 
lards. 
Little odor. Scarcely changed at the lower temperature. Became 
stronger with higher temperature. Had less change in odor 
with use and with higher temperature than the other fats used 
in part IV. 
table 15, varied from 146° to 183°C. The two drip-rendered 
lards had smoke points comparable to the corn oil and the hydro-
genated fats, being 217 0 and 219°C_ 
A record was kept of the time during the cooking period that 
visible smoke appeared, tables 15 and 19. The first smoke ob-
served was usually seen when the kettle was lifted to be weighed, 
the movement of the fat liberating the smoke fumes. In addition, 
after frying the doughnuts the lowest temperature at which 
smoke fumes were given off ,,'as determined. For this, aftel 
the cooking tests were completed the fat was cooled slightly and 
then reheated and the temperature at which smoke fumes were 
seen was recorded. If no visible smoke fumes had been noted 
during the frying procedure, this last heating was omitted . 
LOWERING OF THE SMOKE POINT • 
'{'he lowering of the smoke point, tables 15 and 17, tended to 
be greatest for the fats having the highest initial smoke point, i.e., 
the two drip-rendered lards, the hydrogenated fats and corn oil. 
'fhe average lowering 0f the smoke point for the lards, includ-
ing the two drip-rendered ones, was 12.5°C., without these two 
lards it was 10.7°; for the hydrogenated fats and corn oils it 
was about 23.3°. 
A large drop in the smoke point did not indicate that a fat 
was less desirable to use than one that had a small decrease in 
its smoke point. Usually, the opposite was true, i.e., a fat hav-
ing a high initial smoke point, could be used longer before smoke 
fumes were given off or might not smoke at all during its use. 
TABLE 15- SUMMARY TABLE SHOWING THE GRAMS OF FAT ABSORBED, THE WEIGHT OF DOUGHNUTS AFTER COOKING 
AND SOME ' CHEMICAL AND PHYSICAL CONSTANTS BEFORE AND AFTER COOKING DOUGHNUTS IN THE FATS. DOUGHNUTS 
WERE FRIED 3 MINUTES AT 185 °C. ; THE TIME OF HEATING EACH FAT WAS 614 MINUTES. ANALYST, EICKELBERG. 
Smoking poin t 
Iodine No. Free fatty Melting Refractive 
Fat Wt. all In kitchen In chern. lab. (Wijs) acids as oleic Point index: 
absorbed dough- --------------------------- ---------by all nuts Time Lowest Before After Before After Before After Before After Before After 
dough- after after temp. at cooking cooking cooking cooking cooking cooking cooking cooking cooking cooking 
Fat nuts cooking heating which dough- dough- dough- dough- dough- dough- dough- dough- dough- dough-
smoke smoke nuts nuts nuts nuts nuts nuts nuts nuts nuts nuts 
appeared observed 
gms. gms. min. 'C. 'C. 'C. % % 'C. 'C. 
- ------------------------ ---
---
---------
Part II, 1933-34 
Animal Husbandry lards: 
Lot I, 369 ... 1509 6283 400 189 165 160 62 .7 60.6 0 .22 0 .56 46 .7 47 .6 
Lot II, 369 ................ : : : : : : : : : : . 1455 6297 397 185 164 150 82 . 1 80 .1 0 .24 0 .63 45 .0 45 .6 ..... . . 
Lot III, 369 . .. .. . 1684 6613 307 187 160 153 79.0 77 .6 0.25 0 .77 45 .0 43 .0 . . . . . . . . .... .... 
Lot IV, 369 ... 1680 6521 240 187 146 143 64.2 63.6 0 .41 0 .91 44.8 45.7 . . . . . ... ... 
Lot V, 369 ........ ... : :: :: :: :: ... .. . 1628 6486 240 186 146 144 66 .3 64 .3 0 .36 0 .84 45 .2 46 .4 
Lot I, 368 .. . . . . . . . . . . . . . . . . . . . . . . 1570 6360 307 178 160 150 67.4 65 .2 0 .26 0 .72 45 . 1 45 .5 
Lot II, 368 ... .... . .. 1497 6303 135 175 162 142 64.3 61.3 0 .52 O. g6 47 .3 47 .8 ........ . . ...... 
Lot IV, 368 . 1577 6217 269 184 170 158 75 . 1 72 .4 0 .41 0 .91 44.4 44 .6 ... . . . . . ....... 
Lot VI, 368 ....... ........ 1510 6278 400 188 164 157 71.4 66.2 0 .29 0 .72 46 .1 46 .5 .... 
'" Lot VII, 368 . ............ ........ . 1625 6323 307 180 152 142 76 .0 73 .3 0 .28 0 .72 46 .5 45 .3 ........ 
Lot VIII, 368 ..... .. .... ... , . 1784 6684 420 187 159 145 67.4 64.6 0 .32 0 .98 • 45 .2 46 .0 .. ...... Lot IX, 368 . . .. ... .. 1608 6396 240 186 152 140 67 . 1 63.5 0.40 0 .83 42 .3 42 .7 . . ... . .. . . .. .. . . Prime steam lard . 1485 6247 25 181 173 162 68 .1 63.5 0 .65 1.01 42 .4 42 .7 . .. ..... . ....... Open-kettle lard .. . 1491 6247 145 183 171 143 67.3 63.5 0 .38 0 .80 40 .6 44 . 1 . ....... 
Hydrogenated lard ................ : : : : : . 1499 6230 Did not smoke 178 163 61.8 57 .0 0 .08 0 .71 48 . 1 47 .2 
Hydrogenated cottonseed oil. . .. . . . .. . 1593 6325 Did not ,moke 171 164 78 .7 71 .4 0 .25 0 .52 45.4 47 . 1 . . . . . . . . Corn oil, 1. .. 1593 6308 Did not ,moke 195 175 128 .2 115.4 0 .39 0 .53 .... .. .. Corn oil, II .. 1572 6298 Did not ,moke 189 175 127 .5 121 .8 0 .32 0 .50 
---
-I------------- ------~ ---------Part III, 1934-35 Prime ,t,e,am, III .... ... 1574 6164 25 176 168 162 65 .4 59 .2 0 .48 0 .91 47 .8 48 .4 1.4598 1.4610 Open-kettle lard, II ... 1580 . 6214 155 174 172 165 63.3 59.4 0.45 '0 .90 45 .4 46 .4 1.4597 1.4604 
Hydrogenated lard .......... 1465 6120 Did not smoke 228 185 61.2 56 .7 0 .07 0 .46 48 .8 49 .4 1.4596 1.4606 Prime steam green, II .... . ... . . ... . .. . 1663 6176 135 
1 
187 179 165 64 .2 58 .7 0 .36 0 .87 38 . 1 38.9 1.4598 1.4607 
Drip-rendered lard, III. 1444 5980 550 188 217 190 62 .5 57 .5 0 .08 0 .54 46 . 1 42 . 1 1 .4597 1.4607 
Prime ,team green, III .............. .. . 1484 6049 135 177 168 157 61.6 57 .4 0 .48 0 .85 47. 5 42 .8 1.4596 1.4606 
Animal Husbandry lard ......... . . .. .... 1521 6074 530 170 183 163 70 .2 67.7 0 .28 0 .93 45 .0 36.9 1.4602 1.4608 
Hydrogenated cotton,eed oil .... .. .. .. .. 1470 6074 Did not ,moke 227 192 75 .0 6B .2 0 .06 0 .41 45 .9 46 .0 1.4616 1 4619 Corn oil ..... ........................ . . 1516 6090 Did nor ,moke 218 189 126.5 106 .3 0.17 0 .44 .. 1.4676 1.4689 Drip-rendered lard, 1. ............... .. . 1599 6127 400 187 219 182 73.6 65 .7 0 .07 0 .46 45.9 45 .1 1.4604 1.4619 Prime steam green, I ......... . . . . ...... 1617 6145 135 178 179 165 65.8 56 .9 0 .40 0 .87 38.4 39 .4 1.4599 1.4607 Prime steam,!. . ......... .. ... .. . .. . . 1658 6172 8 176 181 166 62.2 59 .8 0 .31 0 .84 47 .9 36.1 1 .4597 1.4612 
<:.0 
I-' 
<:11 
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TABLE 16- CHANGES IN PEROXIDE VALUE OF FATS USED FOR FRYING 
DOUGHNUTS AT 185°C. PART III. 
Initial Value after use Extent of 
Fat value for frying change 
Group I 
Prime .teamJard. III .. . . . . . . . . . . . 1.44 10.3 8 .86 
Open-kettle lard. II 0 .96 9.9 8 .94 
Hydrogenated lard .... . .. 1. 72 10 .7 8 .98 
Prime steam green lard. II . . . . . . . . . . . . . . . . • 0.85 9.5 8 .65 
Group II 
Drip-rendered lard. III . . . . . . 1.9 13.0 11.1 
Prime steam green lard. III ...... . . 0 .38 11 .5 11 .12 
Animal Husbandry open-kettle lard . 1. 72 13.4 11 .68 
Hydrogenated cottonseed oil. . . . . . . . . . . . . . . . . . . 4 .8 7.8 3 .0 
Group III 
Corn oil .. . .......... 8 .6 11.2 2 .6 
Drip-rendered lard. I .. . . 3 .96 15 .7 11 .74 
Prime steam green lard. I .... .. .. ..... ... 1.1 5 .7 4.6 
Prime steam, I . ... . ......... . . 0.96 7.3 6.34 
TABLE 17 - EXTENT OF CHEMICAL AND PHYSICAL CHANGES IN FATS USED 
FOR FRYING DOUGHNUTS FOR 3 MINUTES AT 185°C .. TIME OF HEATING 
G14 MINUTES. PARTS II AND III. 
Minimum Maximum Average 
Lowering smoke point, degrees 
23 lards ...... 37 12.5 
7 other fats .. . . . . . . . . . . . . . . . . . . . . 43 23.3 
All fats . . . . . . . .. . .. . . . 15.0 
Lowering of iodine value 
23 lard • . 0 . 6 8.9 3 .70 
7 other fats ...... . . 4 .5 20 .2 8 .18 
All fats .. ...... 4.75 
Increase in free fatty acids, %. 
23 lards ...... . . . . . . . . . . . . . . . . . . 0 .34 0.66 0.46 
7 other fats .. 0 . 14 0 .63 0 .24 
All fats .. 0.41 
Increase in peroxide value (data for part III only) 
9 lards ...... 6.3 11 .7 9.2 
3 other fats .. 3 .0 9.0 4 .9 
All fats ... 8 .1 
Increase in refractive index (data for part III only) 
9 lards ...... 0 .0006 0 .0015 0 .0010 
3 other fats ... 0 .0003 0 .0013 0 .0009 
All fats ... , . . . . . . . . . . . . . . . 0 .0010 
SPEED 'WITH WHICH 1'HE SMOKE POINT WAS LOWERED 
The speed with which a fat began to smoke during its use, 
even when the temperature of use was kept constant, varied 
greatly, table 15. In general, it appears that a lard smoked in a 
shorter time after heating was started if the initial free fatty 
acid content was comparatively high and vice versa. However, 
prime steam lard I , part III, began smoking 8 minutes after 
heating was started, yet its initial free fatty acid content was 0.31 
percent as against 0.32 percent for lard lot VIII, 368, which was 
h<3uted in the kitchen for 420 minutes before smoking. The two 
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TABLE l R-CHANGES IN CHEMICAL AND PHYSICAL CONSTANTS OF FAT? 
AFTER FRYING 42 LOTS OF DOUGHNUTS (SIX DOUGHNUTS PER LOT) AT 
THREE TEMPERATURES. PART IV. 
After cooking doughnuts at 
Original 
fat 1700 C. 1850 C. 2000 C. 
Iodine No. 
-Drip-rendered lard ................. 69.88 64.83 62 .25 59 .28 
Animal Husbandry open-kettle lard .. 63 .76 61.53 60 .26 59 .38 
Hydrogenated lard .. 61. 97 59 .24 55 .87 54 .71 
Corn oil .. ............ 130 .04 125 .75 119 .08 116 .84 
Free fatty acids as oleic, % 
Drip-rendered lard ................ 0 .07 0 .50 0 .70 0 .88 
Animal Husbandry open-kettle lard . 0 .33 0 .89 0 .89 0 .91 
Hyd rogenated lard .. 0 .07 0.48 0 .60 0 .71 
Corn oil. 0 .15 0 .38 0.45 0 .52 
Peroxide value 
Drip-rendered lard .. 4 .9 9 .3 11.1 10 .6 
Animal Husbandry op;,~:k~iil~ ·l~~d . 0 .7 8 .8 9.4 12 .0 
Hydrogenated lard .. 1.4 7 .8 9 .6 12 .8 
Corn oil . 13 .2 6 .2 12 .7 10 .0 
Smoking point, °C. 
DriJrrendered lard . .. 217 187 181 175 
Animal Husba~dry ope~:k~iti~ ·l~. 187 179 175 172 
Hydrogenated lard .. 225 170 171 171 
Corn oil. 212 178 180 180 
Melting point, °C. 
Drip-rendered lard . . 40 .3 39 .8 39 .2 37.4 
Animal Husbandry oP;,~:k~iil~ 'l~~d : 44 .1 47 .5 46 .4 46 .7 
Hydrogenated lard .. 47 .0 47 .2 47 .2 47 .2 
Corn oil ... 
Refractive index 
Drip-rendered lard ......... . ...... 1.4602 1.4611 1 .4617 1.4620 
Animal Husbandry open-kettle lard .. 
Hydro~enated lard . 
Corn oil. 
- Eikelberg, analyst for drip-rendered lard. Demorataky, analy.t for' other fats . 
drip-rendered lards were satisfactory for frying, the time of use 
before smoke was observed being 400 and 550 minutes. 
QUANTITY OF SMOKE 
'rhroughout the entire study, it was observed that the smoking 
temperature was not a criterion of the amount of smoke emitted 
from a fat . Since smoke fumes are irritating to the membranes 
of the nose and throat, aside from their odor, it is more agree-
able to work with a fat which does not smoke while it is being 
used for frying purposes. The quantity of smoke affects the 
desirability of a fat for use, one giving off small sporadic wisps 
of smoke being better than one giving off smoke in a steady, 
profuse stream. In general, lards with low initial smoke points 
appeared to smoke in greater quantity than those with high 
smoke points, but this was not always true. The prime steam 
lard III of part III had the same initial smoke point as prime 
steam green, lot III (168°C., and they also had the same initial 
percentae-e of free fatty acids, 0.48 ) , yet the former smoked more 
profusely than the latter. 
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TABLE 19- THE INITIAL AND FINAL SMOKING TEMPERATURES OF FOUR 
1"ATS AS DETERMINED IN THE CHEMICAL LABORATORY. ALSO THE FINAL 
TEMPERATURE AT WHICH SMOKE WAS OBSERVED IN THE KITCHEN AND 
THE LOT OF DOUGHNUTS DURING THE COOKING OF WHICH SMOKE W!o.S 
FIRST OBSERVED IN THE KITCHEN. IN ALL, 42 LOTS (SI X DOUGHNUTS 
PER LOT) WERE COOKED IN EACH FAT. PART IV. 
Smoke point 
Drip-rendered lard 
Chern. lab . . . 
Kitchn • .. •. ::::: •• 
Animai Husbandry open-kettle lard .. 
Chern. lab .... 
Kitchen • . 
Hydrogenated lard 
Chem. lab . .. 
Kitchen • . 
Cern oil 
Chem. lab . . 
Kitchen . 
Smoke first observed during cooking of 
lot of doughnuts as designated 
Drip-rendered lard . ........... . . . .. . 
Animal Husbandr.v open-kettle lard .. 
Hydro~enated lard ... 
Corn oil .. 
Initial 
smoke 
point 
217' C. 
187' C. 
225' C. 
212' C. 
Af,; AFFEaTED BY 'l'EMPE1~ATURE OF USE 
After cooking doughnuts at 
170' C. 
187' 
Did not smoke 
17Q' 
175' 
170' 
Did not smoke 
178' 
Did not smoke 
None 
41st 
None 
None 
185' C. 
181' 
186' 
175' 
175' 
171' 
Did not smoke 
180' 
Did not smoke 
31st 
23rd 
None 
None 
200' C. 
175' 
181' 
172' 
171' 
171 ' 
191' 
180' 
Not recorded 
14th 
3rd 
25th 
10th 
In general, the higher the temperature at which the fat was 
used, the greater was the lowering of the smoke point, table 21. 
1'\0 explanation is offered for the smoke point of the hydrogen-
ated lard and the corn oil being lower after use at 170° than after 
use at 185° or at 200°C. Although smoke was observed during 
the cooking period at 200°C., the hydrogenated lard stood up 
hettel', comparatively, than the other fats at this temperature. It 
did not smoke until the cooking of the twenty-fifth lot of dough-
nuts. The drip-rendered lard had the next best record, smoke 
appearing during the cooking of the fourteenth lot, although corn 
oil smoked during the cooking of the tenth lot of dughnuts, it 
was standing up better than the drip-rendered lard at the end of 
the cooking period, in that smoke, although rather profuse, was 
not as great in amount nor was the odor quite as objectionable 
as that of the drip-rendered lard after the cooking of 42 lots 
of doughnuts. 
Again, when different cooking temperatures were used, it was 
observed that the smoking temperature was not a good criterion 
of the quantity of smoke emitted from a fat. For example, the 
Gmoke from the Animal Husbandry open-kettle-rendered lard 
m:ed at 170°C. was very slight and only observed at the end of the 
cooking period, table 20. Another sample of the same lard used 
at 185° also smoked at 175°C. at the end of the cooking period, 
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yet the amount of smoke given off was great. The same lard 
after being used at 200° smoked at 171°C. in the kitchen after 
frying was completed. This was only 4°C. lower than for the 
same lard which had been used at 170° and 185°, yet the high 
temperature had so affected the breaking down of the fat, that 
when heated as high as 171° after frying at 200°, the quantity 
of smoke was so great that it reached the 12-foot ceiling of the 
Home Economics kitchen. 
The degrees the smoking point was lowered by use of the fat at 
different frying temperatures are shown in table 20. For the two 
lards this lowering of the smoke point was increased with eleva-
tion of the frying temperature, hut for the hydrogenated lard 
and the ('orn oil the lowering of the smoke point was practically 
the same at all temperatures. 
DESIRABLE LARDS FOR FRYING PURPOSES 
For the six lards, table 15, (including drip-rendered lards) 
which did not smoke in the kitchen until after heating 400 min-
utes or longer. the initial free fatty acid content varied from 
0.22 to 0.32 and averaged 0.21 percent. Of the eight lards which 
smoked in 145 minutes or less time, the acid content with one ex-
ception (prime steam lard I; free fatty acid content, 0.31 percent; 
started smoking after 8 minutes of heating) varied from 0.36 to 
0.65 and averaged (for all eight lards) 0.45 percent. For a lard 
to be . used at 185°C. for 6 to 10 hours with little or no smoking, 
it seems desirable that the initial free fatty acid content be below 
0.3 percent. There are exceptions to this statement. as a study of 
the chemical and physical constants of the fats used in this series 
of studies indicate, i.e., undetermined factors in addition to the 
free fatty acid content affect the smoking point. Yet, in general 
the fats with a high free fatty acid content smoked in a shorter 
time and at a lower temperature. 
It has also been shown that with low smoking points the fat ab-
sorption of doughnuts cooked in these fats is increased over that 
of doughnuts cooked in fats with high smoking points. 
TABLE 20- DEGREES OF LOWERING OF THE SMOKE POINT AFTER USE FOR 
lO'A, HOURS FOR FRYING 42 LOTS OF DOUGHNUTS (SIX DOUGHNUTS PER 
LOT) AT THE TEMPERATURE DESIGNATED. PART IV. 
Fat 
Drip-rendered lard ................ . 
Animal Hushandry open-kettle lard . 
Hydrogenated lard .. 
Corn oil 
Temperature at which {at used 
170· C. 
30· 
8· 
55· 
34· 
185· C. 
36· 
12· 
54· 
. 32· 
200· C. 
42· 
15· 
54· 
32· 
920 
IODINE VALUE 
Th~ aver~()'" lowering- of the iodine va lue of the 23 lards for 
parts II and III, tables 15 and 17, was 3.7. For the seven other 
fats it was 8.1 8. 
Th" iodin!' value was progressively lowered for all four fats, 
Dart IV. table 18, as the temperature at which the fat was used 
for frying was elevated. 
FREE FATTY ACIDS 
The increase in free fatty ilp,ids as oleic during- use was greater 
for lards (the average bein~ 0.46 percent as against 0.24 percent 
for other fats, table 17 ) than for other fats. Blunt and Feeney 
(2) as well as Morgan and Cozens (13) have shown that the low-
ering' of the smoke point is indirectlv proportional to the content 
of free fatty acids. The highly significant correlation, -0.78, 
table 8, between the free fatty acid content and the smoking 
point in this study corroborates the findings of these investi-
gators. 
On the whole, the lards have a much hig-her initial free fatty 
aC1,l content than the other fats. The results also indicate that 
if the free fatty acid content of the lards could be lowered it 
wou lel improve their frying quality. 
The three drip-rendered lards used in this study had low initial 
free fatty acid content, 0.08, 0.07 and 0.07, tables 15 and 18. 
'fhey were all sati.sfactory for frying in that they did not smokr 
or smoked only slightly towards the last of the cooking period 
REFRAC'l'IVE INDEX 
The refractive index. as would be expected since it is closely 
related to the iodine value, increased with continued use of the 
lards and fats, tables 15 and 17. The extent of the chang'e in the 
refractive index was about the same for all fats, whether lard, 
oil or hydrogenated fat, see table 17. 
In the one instance where the refractive index was determined 
for the fats used at three cooking temperatures, the index was 
progressively increased with increase in temperature at which the 
fat was used, table 18. 
PEROXIDE VALUE 
In general the peroxide value of the fats, tables 16 and 18. 
increased with their use above that of the initial value. the in-
crease being greater with increase of temperature at which the 
fat was used. The one exception to this general behavior was that 
of the corn oil. The peroxide value after use at 170° and 185°8. 
was lower than that of the original sample. 
The extent of the changes in the peroxide value of the fats is 
given in table 16. All of the lards (with two exceptions) reach-
ed a final value varying from 9.5 to 15.7. 
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CORRELATIONS BETWEEN CHEMICAL AND PHYSmAL CONSTANTS 
The correlations between the iodine value and the other chem-
ical and physical constants are given in table 8. They are all non-
significant, except that between the iodine value and the refrac-
tive index, 0.99, which is highly significant. Of the other cor-
rrJation<;. that between the free fatty acid content and smoking 
point, -0.78, i<; highly significant, indicating that a low smoking 
point is associated with a high free fatty acid content. 
RELATIONSHIP BETWEEN THE PAIJATABILITY OF THE 
DOUGHNU'l'S AND THE CHEMICAL AND PHYSICAL 
CONSTANTS OF THE FATS 
The ranks of scores for doughnuts cooked in used and fresh 
fats and the extent of the chemical" and physical changes of the 
fats are given in table 21. As has been discussed previously, too 
mueh emphasis should not be placed upon the scores, but they 
may indicate trrnds. However, for only two fats does there seem 
to be a relationship between the scores and the chemical and 
physical constants of the fat in which the doughnuts were cooked. 
For the hydrogenated cottonseed oil of group II, the doughnuts 
have top rank and the fat the least changes in the constants. The 
second fat is the prime steam lard, lot III of group I, which pro-
duced the lowest scoring doughnuts and had the greatest change 
in the iodine value with the highest free fatty acid content. Al-
though no statistical analysis was made, there is no apparent 
relationship between the other fats and their chemical and 
l,hysical constants and the scores of the doughnuts. 
If the individual chemical and physical constants are compared 
with the rank of scores of doughnuts, there is no indication that 
the iodine value of the fat has affected the palatability of the 
doughnuts cooked therein. 
There does seem to be some relationship between the free fatty 
acid content of the fat and the desirability of the doughnuts as 
shown by rank of the scores for the fats of group II. No such 
apparent relationship exists for the fats of group III, although in 
gmeral it holds for the fats of group I , table 21. 
Porter et al., (14) state that when the free fatty acid content 
of a fat reached 1.44 percent the fat began to foam, with release 
of volatile products which caused smarting of the eyes. They also 
state an objectionable flavor could be detected in doughnuts cook-
ed in a fat when the free fatty acid content of the fat reached 2 
percent or above and that the flavor was undesirable when the 
free fatty acid content reached 4 percent. 
In no instilnce in this study did the free fatty acid content of 
a fat reach 1.44 percent, even after 10% hours use, yet the fats 
that smoked extensively gave off products that were irritating 
tll the eyes and throat. 
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TABLE 21-COMPARISON OF SCORES OF DOUGHNUTS WITH CHANGES IN 
CHEMICAL AND PHYSICAL CONSTANTS OF FATS IN WHICH THE DOUGH-
NUTS WERE COOKED. DOUGHNUTS COOKED AT 1S5°C. PART III. 
Rank for scores of 
doughnuts 
---
---
Fats In used In fresh 
fat fat 
---
Group I 
4th 4th Prime steam lard, lot III. . 
Open-kettle lard, lot II .... 3rd 2nd 
Hydrogenated lard . ... . .. . . 2nd 1st 
Prime steam green lard, II . ..... 1st 3rd 
Group II 
2nd 2nd Drip-rendered lard, lot III .. . ... 
Prime steam green lard, lot III .. 3rd 4th 
Animal Husbandry lard ... . ... 4th 3rd 
Hydrogenated cottonseed oil. . 1st 1st 
Group III 
Corn oil .. ............ ... . . .. 4th 2nd 
Drip-rendered lard, lot T ... 2nd 4th 
Prime steam green lard, I . 1st 3rd 
Prime steam lard, 1. . ' . .. . . 3rd 1st 
Extent of change the same 
Iodine value: fat with least change is marked 1 
Peroxide value: fat with lowest peroxide value marked 1 
Free fatty acid: fat with smallest percentage marked 1. 
Refractive index: fat with least change is marked 1. 
Iodine Free 
value, fatty 
extent acids as Per- Refrac-
of oleic ' oxide tive 
change % value index 
- -----------
4th 4th 3rd 4th 
1st 3rd 1st 2nd 
2nd . 1st 4th 3rd 
3rd 2nd 2nd 1st 
3rd 2nd 3rd 3rd 
4th 3rd 2nd 4th 
2nd 4th 4th 2nd 
1st 1st 1st 1st 
1st 1st 3rd 2nd 
4th 2nd 4th 3rd 
3rd 4th 1st 1st 
2nd 3rd 2nd 3rd 
There may be some relationship between the peroxide content 
of the lards and the scores of the doughnuts cooked in them, if the 
fats other than lards are disregarded, tables 10 and 16. Yet this 
is not apparent at a glance, and the scores are not extensive 
enough to warrant a statistical analysis. However, a fat with a 
high peroxide content is less desirable for storage and re-use, as 
is often the practice in the home, than one with a low peroxide 
content, because it is known that as the peroxide content increases 
its formation is accelerated to an increasing degree, either the 
peroxide content or other products acting as catalysts. 
If there is ' a r elation between the scores and the refractive 
iudex, it is not apparent in this study. 
It has been shown that the fat absorption is greater in fats 
'with a low smoking temperature. Indirectly this may affect the 
palatability, as greater soaking of the doughnuts with fat is not 
desirable, and if the fat imparted objectionable flavors there 
would be greater concentration of these flavors with higher fat 
absorption. 
Woodruff and Blunt (17 ) have shown that the chemical and 
physical changes occurring in the fat absorbed by the food are 
greater than those which occur in the fat in which the food is 
fried. However, the chemical and physical changes in the fat 
absorbed by the doughnuts were not determined in this study. 
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TEMPERATURE OF USE AND CONSTANTS 
The chemical and physical constants, table 18, were in general 
altered to a progressively greater extent as the temperature at 
which the fat was used was elevated from 170· to 185· to 200·C. 
The scores of the doughnuts were consistently lowered with in-
crease in the cooking temperature, particularly after the fats 
had been used for some time. Here there appears to be a rela-
tionship between the extent in the change of the chemical and 
physical constants and the lowering of the scores, yet the two 
may not be related, i.e., the lowering of the palatability of the 
doughnuts may be due to charring or other changes in the in-
gredients of the doughnuts rather than to the alteration of the 
constants of the fats absorbed by the doughnuts. Yet the changes 
in chemical and physical constants cannot be entirely eliminated 
a~ a factor in affecting the palatability of the doughnuts even if 
lheir behavior during cooking does not lend itself to easy inter-
pretation. Since there are many chemical and physical constants 
and their initial value is not equal in all the fats at the start of 
the frying period, as well as a high content of some constants ac-
celerating the incr.ease or decr.ease of certain constants, it is diffi-
cult to trace the relation of a single one to the palatability of the 
doughnuts, particularly when the scoring was not extensive as in 
the present study. 
RECOMMENDATIONS FOR THE IMPROVEMENT 
OF LARDS 
These recommendations for improvement of lards are based on 
the performance of the following lards and fats after use in pas-
tries, cookies (8), plain cake (9) and for frying potato chips and 
doughnuts: 
98 Animal Husbandry Individual lal·ds, each lard rend!'red of fat from 
one pig. 
24 Animal Husbandry Composite lards, each lard I·endered from the fat of 
five pigs, the different lots of pigs on varying types of feeds. 
18 Commercially rendered lards. 
6 Samples of hydrogenated lard. 
3 Samples of hydrogenated cottonseed oil. 
6 Samples of corn oil. 
UNIFORMITY 
Observation of the lards showed a most striking defect was 
their lack of uniformity in odor, consistency, hardness, perform-
ance and in chemical and physical constants. This was not true 
of the other fats. The hydrogenated lards, the hydrogenated 
cottonseed oils and the corn oils were each rather uniform as a 
group. The director of these studies is aware that economic 
factors enter into the production of lard and that a wide degree 
of variation in softness of the lards exists because the fatty tissue 
rrom which the lards were rendered varies so in hardness. This 
hardness of the fatty tissue of the hogs varies with individual 
animals and with the feed the hogs have received. However, it 
would seem possible to produce grades of lard with certain uni-
form characteristics and that the very soft lards could be 
hydrogenated. 
ODOR 
The odors of the lards used varied from very mild, character-
istic lard odors to very strong, "terrific," "barnyard," and 
peculiar ones. Even homemakers who are enthusiastic about the 
behavior of lard for its shortening ability, prefer a rather mild 
lard odor, one that does not have odors so strong that they are 
absorbed and readily noticeable in the hair, clothing and of the 
furnishings in the room in which the fat has been used. It would 
seem possible to remove these objectionable odors of lards. The 
drip-rendered lards used in these studies, as a group, were more 
uniform in odor than the other types of lards used. If this odor 
is typical of these lards, it would seem that a process of render-
iTig has already been developed that does remove the objection-
able odors. 
CONSISTENCY 
'rests have shown that there is no difference in shortening-
value between smooth and grainy lards (8) but that the smooth 
lard produces better textured and hence more desirable cakes 
(9) than grainy lard. Grainy and smooth lards are equally good 
for frying purposes, provided the chemical and physical char-
a cteriRtics are the same. Since the better grades of lard are more 
likely to be used in cake making than the poorer grades, it is 
recommended that if lard is sold by grades, that the better grade 
he of smooth consistency. 
CHEMICAL AND PHYSICAL CONSTANTS 
A high rather ihan a low smoking point is desirable, at least 
190°0. or higher is better, as fats with high smoking points can 
b(j used for longer periods for frying before they begin to smoke, 
or they may not smoke at all during their use. Also, less fat is 
absorbed by doughnuts when the fats have a high smoke point. 
In . addition a fat that docs not smoke is more pleasant to use. 
Since on the whole other fats and oils are more desirable for 
continuous frying purposes, perhaps too much emphasis should 
not be given to the smoke point, but it at least should be high 
enough so that the fat does not smoke when it is used for short 
periods at a suitable frying temperature. 
For better grades of lard it is suggested that the free fatty 
neid content be below 0.30 percent (as oleic acid ) . A content of 
OJ 0 percent would be better but may not be as easily obtained. 
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rIhe smoke point is affected by the concentration of free fatty 
acids. being lower as the percentage of free acids increases. 
Furthermore Porter et al., (14 ) have shown that after the free 
acid rontent reaches 2 percent or higher an objectionable flavor 
is impartecl to doughnuts fried in the fat. 
The peroxide value for each fat should be far below the value 
for that particular fat at which organoleptic rancidity is detect-
able. This value varies for different fats, but Roschen and New-
ton (15) have shown that this value is about 20 milli-equivalents 
of peroxide per kilogram of lard. A fat with a low peroxide con· 
tent would keep better than one with a higher peroxide content, 
if other things are equal. 
In Research Bulletin 242 (8) it has been shown that lards with 
high iodine numbers have greater shortening values than thosl:' 
with low values. However, lards with high iodine numbers are 
softer than those with low values, have lower melting points and 
tend to have ronsiderable oil separate at room temperature, hence 
are not so desirable for use in cakes, Research Bulletin 255 (9), 
as those with lower iodine values. Thus it readily can be seen 
that it is difficult to recommend a definite iodine value. How-
ever, from the behavior of the lards used in the three culinary 
studies at Iowa State College and considering their ease of use in 
pl'eparation (measuring, creaming ability, etc.) and keeping 
qualities, it is recommended that a first grade lard have a value 
below 75. 
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